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FOREWORD 


The author of this volume has made an important contribution to his profession by making available 
design data developed in the course of his experience, covering a period of 35 years, supplemented 
by similar data drawn from the latest publications of outstanding authorities. 

The compilation is of an inclusive character and will be useful to all workers in the field of civil en- 
gineering, not only as a reference manual but also as offering basic data concerning current practice 
which could otherwise be obtained only after extensive research. This volume, which will be supple- 
mented by others covering specifications, costs, and field practice, will fill a long felt want. 

The book contains many original plates of unusual Interest, such as those showing methods for rap- 
idly figuring combined flexure and axial stress in columns, those showing the development of highway 
transition curves, and those showing safe loads on manhole and catch basin covers and on, sewer pipes. 
Explanations and derivations have been largely eliminated, as the notes on -the plates give the neces- 
sary explanation and guidance. The volume may be described as unique in engineering literature, for 
it combines maximum data with a minumum explanation. The author is to be congratulated on the 
clarity of presentation, which he has achieved by full.use of Illustrative details and examples. 

ARTHUR S. TUHLE 


PREFACE 

Most civil engineers collect data which are particularly pertinent to their work. Indeed, the engi- 
neer's efficiency depends largely on the quality of the data with which he equips himself. 

The growth of technical codes of practice promulgated by technical societies, trade associations, 
and government bureaus, while advancing the science of civil engineering, has tended to render the 
practice of engineering more dependent on data than formerly. This has created an unhealthy degree 
of specialization. For instance, a structural engineer is likely to balk at designing a drain because he 
does not have the data on runoff and flow in pipes readily available. 

The purposes of this volume are: 

To make readily available in one place effective data in eacfi main field of civil engineering — struc- 
tures, sanitation, water supply, drainage, roads, airfields, dams, docks, bridges,- and soils. 

To make this book complete in itself so that a civil engineer Isolated from other reference books 
and technical data could function. 

To furnish data which will eliminate tedious office computing and thus minimize errors made in such 
computations. 

To aid the engineer in attaining results in accordance with the best engineering practice by making 
available data based on such practice. 

To expand the field of activity of the specialized engineer by providing him with handy data In 
fields allied to his specialty. 

In general, desirable engineering information embraces model specifications, and data on design, 
cost, and field practice. This volume embraces the design data and has been arranged to be as nearly 
self-indexed as possible. A field manual and a book containing cost data and model specifications will 
be issued as subsequent volumes. 


III 



This book has been written with the view that the practicing engineer, who must produce working 
designs, needs data carried to final conclusions, even though much technical writing dodges these con- 
clusions on account of the common inhibition among engineers against expressing themselves definitely 
and without reservations. The directness of the data in this book, which have been presented without 
these usual reservations, render it Incumbent upon the writer to warn that data cannot be considered 
a substitute for intelligent judgment based on practice and consideration of all factors and phases 
of the specific problem at hand. For this reason, collateral reading is encouraged by abundant refer- 
ences. but in general no collateral reading is required to arrive at a direct solution of an engineering 

problem. 

ELWYN E. SEELYE 

January 30, 1 945 
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STRUCTURAL 


UNIT 


TABLE 


S»tD ON ULTIMA.* 

SXRENG'TH s-pc. 


DE SCRIPTION 



Ey:f-r«rr7e f/bsr' shns-ss in 


£x:^reme fibGr sEness /n corT^presT/'orf /oji/p/port 

of COP^/ne/OOS j-eJ/>POr/s, of coo A orf/y^6eo/r>j,ors/oij.orofr/fff</fra/T7ej. 
Thns/on /n p/o/r> cancre/e f<soA// 7 ps. 


ALLOWABLE WORKING STRESSES 
H.Y.C.C 0 DEIA.C. 1 .C 0 DEI 


0.40 fe 


SHEAR: 

3eQ/T7S no ro?n fancr^mGrr/ otncy spec/^r/ 

anchara^G of‘ /ang/^ac^/na/ s/'gg/. 

>v'//^ no iVGb re/n/hnc‘Gn7ef77^, be// zv///? ^pec/o/ 

onohorar^G of /orip/Yeja^/n cy / J'/ gg /, sec Page /-2S. 

&ea/T7T iv/fh proper/// cfGT/g/7G<f b\/ef> re/n Poraemer/f bc/Zr/z^a/// 
Spec/a/ anc/?orage oP /o/7g/ facfjna/ s/ee /^J'Ge Ptygo /-3S>. \ 

Beams m////? proper/g des/^nea/ ^eb re/r/forc'erner/fandM/b 
specio/ anc/?or(7gc oP/ong/fod/na/ s/ee/^see Pages I-2Sa/7d /‘39, 
P/of s/obs G/fd/sfa/7Ce c/ from edge <^P co/umn cap or droppa/?eA 
(Q)M/be/7a//eas/SO%oP/o/a//7eg re/f/Pposses-oifer fbe co/c/mn cop. , 
(b)kvben 2S%or/GSSOp/ofa//7eg.re//7p possesoi/er /be co/z/fTyr? cap. 

( C) fbn //yfer^med/a/e percen/bogGs c/se //yfermed/a/^ yo/aes, 

Poo//r?gs /vbere foryg/fe/d/r/a/ bars are /v/ f/yoaPJpec/a/ a/rcborago, 
Poof/ngs /v/rere /ong//ad/r?a/ bars ba^e spec/a/ anc/roraga- 
^ //o f fo exceecf VS /bs.per sg. /n* 

^ d 'be//7g f/je d/s/once egu/yo/ebd fo /be fb/cboeTS oPs/ab h/f/bouf 
drop pooe/s //7/hes /i \or /be /b/cb/pers off/o/s/cb fbrougb /he drop 
par? e/s (y/here such are used) /n iff as Ji ,or/bicb/7ess of P/q/ s/ab ^ 
(/v/fb droppane/sj a/po/n/s ou/s/de //?e drop pane/ m/'nc/s • 


BOKICf: 

&eo/r7S,s/abs one-way foof/ngssiO) P/a/b bars or sfrc/cf. sbapes. 
I (b) Deformed bars . 


/n/y/O’WayfooHffgSiLd) P/a/d bars or sfri/c/ara/ s/zapes. 

(b) Deformed bars ' 

^//o/ /o exceed /^O/bspersg/n. ^ //o/ fo exceed ZOO /bs per sq /a. 
^M/bere spec/o/ aneborage /s proy/ded one and one-ho/f //mes 
/besB yo/aes may be c/sed- A Cf Code //mz/s ya/aes /o 200 /bsper 
rfl,// 7 . Par p/ozr? bars and 2SO Jbs.persg. Zn. for deformed bars, 

' i/o/czes for /hzo-rzoy foo/zngs /zzcAzc/e a//oiva/?ce for spec/a/ arrcbor. 


BEARING : 

D/recf beor/ng an /^// area. 

D /reef bearing an ane -f/zzrd Pez// area or /ess* 


Pbe o/fopyah/e beor/ng s/ress on on area i 
one-fb/rd Jbaf/ess fbaz? /be Po// area sba// be / 


AXIAL COMPRESSION: 


/rz co/urnr/s py/f/f /afera/ fzes- 
/n pedes fa/s"- 


greofer f/jan 


n = 


30, c 
fa 


0 4.6 fc 

0.03 



O.OZfc 0.02 fc 
0.03 fc 0.03 fc 
o.oefc 0.05 fc 


0.09 fc 
0.03 fc 
0.03 f^ 
0.025fc 

0.02 fc 
0 . 03 fc 


0.12 fc 
0.05 fc 
0.03 fc 

0 . 025 yc 

0.03 fc 



0.0 A f/ 
0.0 5 fc^ 

O.OSdfc*^ 
O.OSCfc* ^ 



0. 25 fc O-l&f'c 
O.SJSfc 0.373f^ 



0 - 26 fc 

0.25fc I 0.2&f 




TABLE E) - REINFORCEMENT ci/< 


S/rucAuroJ grade bWet sAeeJ. - Tens/on -- 18.000 hfeb re/h/brcey^ 
J/jAermed/er/e grode J>///&AsAee/. - - 20,000 Co/d dratvr^ s/e 

Ro/7 S/»«/, s/ra/<t/7Zo.^'77oe A>}/7e be/}/- - 20,000 

For N.Y.CiAg Code rCfu/rsrr7S/7As add 4" /a dep/fy of /i>o//ng 


(Va/ues in Ibs.per sif./h.). 


errye/yp Tens/<^r> " IG.OOO 
s/ee/ wire " - 20,000 


Csee Page 2'SJj, 



TARL E A- ALLOWABLE WORKING 

STRUCTURAL AND RIVCT STtEL 

/ 

Rolled net S0cf/on 

Rivets en orea base^ on nominpl diameter ^ ^ ^ ^ 

Bo/fs and other threaded parts on nominei area of root of thread 

COMPRESSION 

Co/umns aross section, axia/lu haded with l/r <!20 
m • - * - • l/r > 120 

Phte girder stiffeners, gross section 
mbs of rolled section at foe of f illet 

RoJhd steel, on short hngthsor where htera/ deftect/on is prevented 
Columns^ gross section 

with a maximum of 

l/r r>ot to exceed 120 for main compression members 

l/r not tv eiiceed 200 for bracing and other secondary members 

FLEXURE CBEh/LO^G ) 

Tension on extreme fiber sf/^gross area /fhohs/brrwe/s do not exceed /S% 

of grass f/^wixeo.UTe net area if hotes are /br bc/ts^pins or rivets), 

lens ion on extreme fibers of rolled sections, plate girders and 
built’ up members (net area) 

Compression on extreme fibers of rolled sections phte girders 
and built-up members for values of l/b not greater rnan 40 

with a maximum of 

Polled beam encased in stone con crete (not more than J:5^ mix) 

as follows: Continuous concrete slab eachside 

/ Vi mm. 2“ min. protection 

Extreme fiber of pins 
Rivets- power driven 

Pins and turned baits in reamed or drilled holes 
Unfinished bolts 

v/ebs of beams and phte girders, gross section 

BEAR! NO 

Rivets 

Turned bolts in reamed or drilled holes 
Unfinished bolts 
Pins 

Expansion rollers and rockers (/bs. per linear Inch). 

CAST STEEL 

Tension 
Compression 

For A. /. S C -Compression and bebring same as for structural 
steel. Other unit stresses 75% of those for structural steel 

CAST IRON 
Tension 
Shear 

Bending- Extreme fiber 
Compression side 
Tension side 

Compression on columns with maximum l/r * 70 

WE 

Compression on 


I N STEEL(tNLg 3 . Pg R SqulNcn) 

A.l.S.C IN.V. CITY 


20,000 
IS, 000 
12, 000 

l0O(ha4S$fi/h» 
idooe 

l^lVti/^rt 
20,000 
24,000 


000 

500 


000 




000 


20 , 000 


000 


1^ WtOoob^ 

20,000 


70,000 

If Wxooob 


bh 
Shear 


30 , 000 

15,000 

15.000 

10.000 

13, 000 

Sii 


\40,000 

0,000 


32,000 30,000 
32,000 30000 


\2S^000\ 20,000 
32,000 

600d 


OOO 


000 
000 

500 
500 
000 

000 

hale 
ear 

000 

24,000 

000\/6,000 

000124,000 

€00d 


000 
15.000 


3,000 

3,000 

16.000 

3,000 

%ooo-40l/r 


ion through throat 

Tension ff >, ^ „ 

" " of fiJ/et wetd 

stresses shall not exceed values given above 

for COmorasS/on nnH S VUUW 


20, 000 
16,000 
13,600 
t3, 000 


15.000 

13.000 
n,300 

IL300 




Notation : /n Table • 

I •length /n Inches. 

b •of/c/th of compression f/ange m Inches, 
r^rad/us ofgynof/on /n Inches^ 
d » diamefer Jh Inches, 



STRUCTURAL - UNIT 5TRL55FS 
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TABLE A- WORK ING STRESSES FOR STRUC TURAL LUMBER. 

FOR JOISTS AND PLKNKS, BEAMS AND STRINGERS, POST S AND TIMBERS 


A»oi« 6** Ufwl Str«wci -n Pounds »«r S^tra (mcIi 


Sftcin «nd cf wf d a f |r«tf« 


ASH. WHITE: 
21S0lGrad« 
I900I Gr«Je 
imuGrad* 
teOf Gr»d« 
l3Wf Crwlft 
I4S0C Grade 
1200 c Grade 
1075 c Grade 

BEECH; 

21501 Grade 
IWOf Grade 
1700 r Grade 
1450 f Grade 
1550 c Grade 
1450 e Grade 
l2D0c Grade 

BIRCH: 

2150 f Grade 
1900 f Grade 
1700 1 Grade 
1450 t Grade 
1550 e Grade 
1450 c Grade 
1200 c Grade 

CHESTNUT; 


JAP. 

JAP ~ 9 A%. 
JAP -B.AS. 
UP -8.A$ 
8.4S 
PAT. 

PAX. 

PAX 

JAP 

JXP -BAS 
J.AP AA% 
JAP aA% 
PAX 
PAX 
P4T 

J.&P 

JAP -B 4 S 
JJIP BA%. 
JAP BAS. 
P.4T 
PAX. 

PAX 


Na4»*4wl Hardwaod 
Lwibif Ataaciibao 


Natroftti Hardwaed 

Lui«*er AiaaoiMn 


NaHanal Hardwead 
Lumbar Aaaaciation 


1450 1 Grade 

1200 tGrMe 

1075 c Grade 

JAP 

JAP BAS 

1 PAT 

CYPRESS. SOUTHERN: 

1700 f Gr«l6 

13001 Grade 

1450 c Grade 

1 20) c Grade 

JAP BAS 
JAP BAS 
PAT. 

PAT. 

CYPRESS. TIDEWATER RED: 


1700 t Grade 

JAP BAS 

13001 Grade 

JAP BAS. 

1450 c Grade 

PAT 

t200c Grade 

PAT 


Nanartal Hardwood 
Lumbar Asaocieltoo 


HetiOAel Hardaaad 
Lumbar Ataaciaiian 


Sautbam Cypreaa 


DOUGLAS FIR. COAST REGION. 
Par. 214a Grade^ 

Par. 21Sa Grade 
Par 214 Grade 
Par. 218 Grade 
Par. 2I5 j Grade^ 

Par. 219a Grade . 

Par. 215 Grade 
Par. 219 Grade 
Par. 216 Grade 
Par. 210a Grade 
Par. 2I0 Grade . 

Par. 200 Grade ** 


DOUGLAS FIR. INLAND EMPIRE; 
Select StructmP 
Structual 
Common Structural 
Select Slructural 
Structural 
Common Structural 


ELM. ROCK: 
2150 f Grade 
1900 f Grade 
1700 t Grade 
1450 1 Grade 
1550 c Grade 
1450 c Grade 
!200 c Grade 


ELM. SOFT; 
17001 Grade 
1450 f Grade 
1200 r Grade 
1075 c Grade 


GUM BLACK AND RED: 
1700 f Grade 
1450 f Grade 
I2D0 f Grade 

1075 c Grade 


HEMLOCK. EASTERN: 
Select Structural 
Prime Slructural 
Common Structural 
Utility Structural 
Salact Siructirt* 


HEMLOCK. WEST COAST: 
Par. 4M Grade 
Par. 500 Grade 
Par. 4M Grade ^ 

Par. M3 Grada ^ . 


Nabarral Ha/dwaad 
Lutf^ AtaactaMn 


J.AP 

J.AP BAS 
j.AP -BAS 
PAT 


NaberMi Herdwaed 
Lumber A»«aaban 


JAP 

JAP 

JAP 

PAT 


BAS 

BAS 


Natmnil Hardiimad 
Lumber AMacjatien 


JAP.OAS 

JAP.' 

JAP I 
JAP5 
PAT. 


P 

iS. 

P. 

PAT 


North ont Hembck and 
Hardwuad Mamdac- 
turere Ateadatian 


Waet Ceatl Bureau af 
Lumber Oradee and 
Inaaaeiian 


EjrtTtfiB# 
tbm III 
bMdHM 

(•nwM 
pirtMi H 

Stan acr- 
Hari. aaadicu- 
rentai lar te 
«A«ar inuM 

-H" -tl- 

2110 

: i« 

1900 

145 

1700 

1 145 

1450 

120 890 

1300 

1 

120 

2150 

145 

1900 

145 

1700 

145 

1450 ' 

I2D 600 


7 CimariuniA aaraJkl ta 
tar ratios tt im 


tareabd 


I and 

(/ d) 


M«du(u«et / dll , , 

eUttfCiry tt I 

.1^.3 J/d17i//d2D //d23 //d» //d30 //d 33 /yN 40 //d 


MO 1. 500 000 


400 I MS 000 


2150 

1900 

1700 

1450 


MO 1 600 000 


1450 

1200 


1700 

1300 


3S0 I 000 000 


3b0 1 200 000 


17M 

1500 

1Z25 

1150 

loao 

I4S0 

lao 

1075 

17» 
1S25 
1 350 
1150 
1550 
1450 
1200 

1750 

1525 

1350 

1190 

1550 

1450 

1200 

1200 

950 

1075 

1425 

1125 

1450 

1200 


1566 

tCI 

1271 

1114 

1623 

1379 

1159 

1046 

1640 

1451 

1300 

IMS 

1474 

1366 

1165 

1640 

1453 

1300 

1119 

1474 

)]66 

lies 

mo 

905 

lOOH 

1320 

1072 

1338 

1138 


1432 

I3S 

1296 

1073 

991 


1224 

1170 

1067 

1003 

939 


1295 1154 

nil 1031 
1012 654 


932 

132 

926 

662 

655 

632 

•U 


1509 

1386 

1241 

1062 

1384 

1314 

1123 

1509 

1386 

1241 

1062 

1384 

1314 

tin 


12M 965 

1225 995 
1139 963 
1020 922 
1234 995 
M96 962 
1054 943 


1139 

1020 

1234 

M96 

I2« 

1225 

1139 

1020 

1234 

1188 

1054 


995 

995 

963 

m 


584 ; 430 


3» 210 


1003 I 823 1 
U 2 '783 622 496 

932 I 802 I 


1196 

1011 

1208 

108 ? 


365 I 2B9 ; KI6 lU 


438 322 247 lu 



1700 

1300 


2150 

21» 

1600 

1900 

1700 

1700 

1450 

1450 

1100 



The u/orM/ng stresses g/i'en /n rabteT^'ottove i an page /.O^ are tbr tong- cont/nuea or permanent toads. 

fbn /bo/no^es see bottom of To b/e 't) page t04-. 

Data from iVorAina Stresses for Strocturat Lumber bu t/ot/onat lumber Atonufootarers fssoo/at/bn 
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STRUCTURAL - UNIT 


TA3LE A- WORKING STRESSES FOR STRUCTURAL LUMBERjpONT; 

STRESSES FOR. JOISTS AMD PLANKS, flgAMS AND STRlNCERS, POSTS AND TIMBERS 


1 


M and ewMitarti&J 


Ridaa undar 
wfiicfi 9radad 


HICKORY: 
JlUfCrKta 
ItOOrCrad* 
irOOf Grad* 
lS6fi c Grnda 
|490cOr*da 
laScGrada 


LARCH: 7 

$alact Smietural 

SrruermJ 

Coffwio n Stnctunl 
Salaei Srruetuni 
ShMc^raJ 
Gammon Struct lk«I 


J4P.-61S. 
J AP -B4S 
JAP -8AS. 
P*T. 

P-*T 

PAT 


MAPLE, HARO 
fiaorCradi 
IMO PGfida 
ITOOlGrida 
1450 r Grade 
l^c Grade 
1490 e Grade 
1200 < Grade 


OAK. RED AND WHITE 
2190 f Grade 
IIOOrGrade 
1700 f Grade 
1«Mr Grade 
imrCrade 
1325 e Grade 
1200 (Grade 
1075 c Gride 


Natierul Hart)»oed 
Lumber Asiooatien 


AHewabla UMi Stmaee In Pourafe per S«uara Irch 


i 

Citreme 
fV>er in 
bendinf 
•*r' and 
lenswn 
parallel to 
erarn^f 


Heri 
Uontal 
shear 
-M* 


2150 

1900 

1700 


Western Pme 
Asaec1at»on 


NaiMiTal Hardwood 
Lumber Aveociairon 


PECAN; 

2I90P Grade 
ISOOPGrade 
ITOOf Grvle 
1550 e Grade 
1490 e Grade 
inScGnde 


JAP 

J«P '6 AS 
JAP -64$ 
J-4P -8.4S 
BAS. 

P4T. 

P4T. 

P4T 


Natioral Hardwood 
Lumber Ataeeiaiion 


2190 

1900 

1490 


2150 

1900 

1700 

1450 


2190 

1900 

1700 

1450 

1300 


PINE. NORWAY: 
Prime Srructinl 
Cemmen Struetitfil 
Ubllty Smjttural 


PINE. SOUTHERN LONGLEAF: 
SeM Structural'’ . , 

PriBM Stnctwal ’ 
Ma whanta bla Structwal'' 
Structural S.E4V 
Nc 1 Structural 
Ne. 1 OimarMien'’ 

Na. 2 Strata Dimmelia'^ 

Setaet StructanI ’’ 

Prim# Structural 
Marc ha w ta ble Structural^ 
Structural S.E4S.J 
Ne. 1 Stnchral 


JAP -BAS 

J4P.-B4S. 

J4P -84S. 

P4T 

P4T 

P4T 


National Hardwood 
LunWer Aaaociation 


Northern Hemlock and 
Hardwood Manutie- 
lurara Asaoaation 


2190 

1900 

1700 


PINE. SOUTHERN SHORTLEAF: 
Danee Seloet Strudural 
Dane# Stncttral 
0«»»a Structural S.C.AS.^ 

Oema No. 1 Strutting 
No. 1 De^ea Oimoraion 
Ne. 1 OimeneioH 
Ne. 2 Donoa Strata Oimandon'’ 
Nc 2 Mad. Qnfn Strtta Olmom 
tion .... 

Oanta Solaet StruRural ^ 

Dome Structural 
Oanta Structural S.E4S7 
Danta Ne. 1 Structural ^ 


J4P,-A4S. 

J4P.-84S 

J4P-B4S. 

J4P.-A4S. 

JAP~BA%. 

JAP> 

JAP^ 

PAT. 

PAT. 

PAT. 

PAT 

PAT 


Southern Pine Ineper* 
t«n Bureau of the 
Seuthern Pine Ataa* 
clarion 


J4P-B4S 

74P-B4S 

JAP -BAS. 

J4P-64S. 

J4P| 

J4P.-^ 

JAP.S 


2400 

2190 

1900 

1900 

1700 

1700 

1290 


POPLAR. YELLOW 
tIdOfOrvie . 
laeronda 
1079 c Grade 


RCOWOOO: 

Denoe Sal. AlLHean StrvjcttMl'’ 
Select AB-Haart Structural^ 
Bulkhaad Srrueturtl *’ 

Hean Strueti^al 

Danse Set. AlVMeart Srruetwal'’ 

Select Aii-Hpati Strununi 7 


i4P. 

J-AP-B4S 

P4T 


Southern Pine Inipec* 
tton Bureau of the 
Southern Pine Aaso- 
eia bon 


2400 

2150 

1900 

1700 

1700 

1450 

1290 

1100 


SPRUCE. EASTERN; 
1490 f Structural Griide 
1 300 1 Structural Grade 
1200 1 SiricturiJ Grade 

f U« LO ; 

1700 1 Grade 
14901 Gr^e 
1200 r Grade 
1071c Grade 


J4P,-B4S. 

J4P-B4iS. 

JAP 

JAP. 

PAT. 

PAT. 


National Hardwood 
Lumber Aaaociation 


Cellfernta Redwood 
Ateo&ttion 


Nofiheastem Lurrd>er 
Manufacturers Aseo- 
C'ation. Inc 


National Hirdwood 
Lumber Association 


1500 

1290 


1700 

1490 

1900 

1900 


1450 

1900 

1200 


1700 

1450 

1200 


•Ion par* 
pendtciH 
fair to 


720 


7 Cen«rat«on parallrl to fram i for eobd eolumna aiul aol^l iiruta } 
fx ratioa of length-to-looet^wnenalon (/ d) 


Modiduaad f/dll 
eUeticItir or 
“E** leea 

..C**9 


i/d 14 


1.800. 


1729 

1590 

1990 

I960 

1490 

1329 


1. 300. 000 


600 


500 


720 


1790 

1450 

1929 

1790 

1490 

1329 


1962 

1354 

>292 

1982 

1354 

1292 


1.600 000 


1790 

1929 

1390 

1190 

1990 

1450 

1200 


i/d 17 


1384 

1243 

1167 

1384 

1249 

1167 


i/d 20 i/d 23 


nil 

1107 

1061 

1107 

1092 

1091 


i/d 26 


I 900 000 


1990 

1379 

1200 

1090 

150 

1329 

I2C0 

1079 


I 800 000 


1 200 . 


I. 


1069 

1053 

1023 

1969 

1093 

1023 


806 


876 


i/d 30 


598 


632 


1288 

1229 

1139 

1020 

1234 

1188 

1094 


771 


475 


i/d 39 


489 


346 


f/d40 i/d 50 


370 237 


268 170 


1. BOO 


320 


1 . 100 . 


300 


360 


1.200.000 


1 . 200 . 


5 wll!! rSS 310 ef M.ec Pub. 189 U S. Depi of Aar 

l/< » O' 3'« •< PU, 113 U. S. 0«. „ *„ J 

oo/Tr^ ir'7’ "" r' "■ ■x - 


C Allowable umi ah 


1790 

1640 

1908 

1960 

1474 

1384 

1490 

1388 

1314 

1460 

1360 

1314 

1200 

118$ 

112) 

1200 

1166 

1123 

1 1029 

1003 

977 

1790 

1640 

1908 

1960 

1474 

1384 

1490 

1366 

1314 

1490 

1368 

1314 

1200 

lies 

1123 

1790 

1640 

1908 

1590 

1474 

1384 

1490 

1388 

1314 

1200 

1169 

1123 

1200 

1169 

1123 

1079 

1041 

1018 

1029 

1003 

877 

r$ 

611 

846 

1790 

1840 

1900 

1960 

1474 

1384 

1460 

1388 

1314 

1200 

1166 

1123 

12D0 

\ 

1126 

1038 

990 

813 

601 

1079 

1021 

966 

1460 

1336 

1206 

1325 

1238 

1140 

1329 

1231 

1140 

1329 

1238 

1140 

1490 

1338 

1208 

1329 

1238 

1140 

1060 

1007 

058 

876 

141 

•01 

900 

874 

642 

1228 

1190 

1079 

1060 

1007 

•58 

878 

891 

822 

1079 

1030 

877 


430 


321 210 


403 


•76 


188 


308 


483 


327 


370 


117 


237 


247 


430 


638 


873 

•33 

790 

739 

728 

707 

V 

563 

, 

•46 

748 

603 

•73 

739 

663 

773 

687 

684 

887 

746 

683 


210 


322 


247 


322 


247 


210 


145 


198 


247 


196 


shall ba uaai when th“79rld7aTrj2;Sii'?o^«^^ theaa tabulated mluea 

'ZTfbe r AianaA7c/^r^r 
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STRUCTURAL- UNIT 5TRE55L5 & STRENGTH OF MATERIALS 


TABLE A - WORKING STRESSES 

COMPRESSION - GROSS AREA 

k'nd of cross section 

0*^ New York City Code Idept. of Commerce 192 


Oraniie 

Gneiss 

Limestone 

Marble 

Sandstone 

Blue stone 

natural Cut 
Stone Uncut 


CEM. LIME^ 

CEMENT 

WORTAR 

640 

800 

600 

750 

400 

500 

400 

500 

Z50 

500 

300 

400 

no 

140 

no 

140 


MORTAR MORTAR 


640 


800 


400 

400 

320 


500 

500 

400 


MASONRVr^/>.5./:j. 

COMPRESSION - GROSS AREA 
MND OF CROSS SECTION 

0^ New York City Code Dept, oe Commerce 1924 


MASONRY 

CEM.UME^ 

MORTAR 

CEMENT^ 

MORTAR 

CEW.LlMt^ 

mortar 

CEMENT^ 

MORTAR 

hrick. ■ Solid 

230 

525 

I30' 

no' 

Brick ■ 

HOUOuj Wall 

125 

ISO 

10 

80 \ 

IdSiSleii. 

100 

125 

10 

do 

struct ciau 
Tile- Cells Hon 

60 

10 

10 

60 

cone. Block 
or THe 

CO 

10 

10 

80 

Son a 

Cone. Units 

125 

150 

— 



P/a/r cone. 

/•• 7 Mix 

r.aMix 


400 


400 


J 1 » I ■ 

‘May be Increased 507 . for /oca/ concentrated /oods or eccentric /oad/ng. 

^Cement //me mortar: A mortar composed of / part Port/and 
hudrated //me to not more than ^ parts of sand- proportioned by 

^■Cement mortar.' A mortar composed of / part Port /and cement 

3 parts of sand, proportioned by volume, uu/th an al/ou/ab/e addition of hydrated 

h'me or //me putty not to exceed /S % of the cement byvo/ume. 

^ for greater strength concrete use 25 % of the u/timafe stress. 

TAB LE B-PROPERT\ES OF STRUCTUR Al - MATERIALS 


SUBSTANCE 


SPECIFIC ultimate 

ELASTIC 

MODULUS OF 

GRAVITY STRESS. 

LIMIT. 

ELASTICITY. 

In Lb. HerSq.ln. 

InLb.perS^.ln. 

inL/o.perSQJn. 


2.4 


1.92 

Z3 

2.7 

2.5 

2.1 

2.5 

.48 

.58 


^OpOO Ten. 
ZSjOOO-SSOOOBenc 
18.000- 74.000 Ten 

43,000 Jen 

37,000 IComp 10,300,000 

12.000.000 

Z&.OOOTen 28,000,000 

* • 

€0,000 - 72,000 

3 3.0 00len. 2 9.00 0,0 00 

70,000 -$0,000 

40,000 29,000,000 

30,000 

30,000 29,000,000 

1 

1 

50,000 29,000,000 

Z , 000 3000 ■ 7en. 

€ OOO iZ.DOO Corr^p. 

10,000,000 

0OO Bit^PlUG 

zooo.ooo 


3.000,000 

12,000 COMP. 

1.200 TSNSiOM 

1000,000 

3jSoO Comp. 

BOO T£/^S'0N 
1500 B PAGING 

7000,000 

S.OOO COMP 

600 ression 
jjoo Be^D‘^0 

l.CCO.COO 

S.OOO COMP. ^ 
/SO re^fior^ 
J.200 

3.000,000 

6,400 - 5.GOO 
Benci/ng. 

1.200,000 


.Jn for/*F- 

O .0000114 
)0 .0000059 

w .ooooosi 

iO .OOOOOGl 
W . 00000(21 
10 .0000010 


Plnm/num , structural /rsr 2.19 ^OPOO T^ 57,000 \c%rn^ J0,500,000 _ .0000 /14 

Irnn. Cast Oraa 72 Mooo--!4,ooo_jir^ _ 12 , 000 . 00 ^ .oooqos^ _ 

Iron . iVrOUC}hf 7, 75 4a.000 Jen Z&,OOOTen 2 3,000,000 .0000061 

steel, Struc fu ra! 7 , <5 5 \eo,ooo- 12,000 ss.oooien. 2 s,ooo,ooo_ — . 0000061 — 

'in termediate Grade Re inf. Bars 7. 65 Wooo- so, — 2 S, 000.000 ,ooooo&i _ 

Hnrd Grade J^iefnf. Bars res I soiooo .oooooio __ 

C^^^l ^iruriurnln>ckel (3.2S7.N !). \85,000- 100.000 , 5M^ Z5. 000,0 00 

0/<OS S foommon) 2.4 2.S poo -ii ooo ct^ -! 

a ay Brick (comm on) 1.92 I eoo 4000,000 _ . 0000031 — 

^ — "T 710, ^ , 3.000,000 .0000019 

Concrete - j,ooorc ^ ^ 

; ;:r 7 / rx-r /ioo Tjrspit 1 . 000,000 .0000047 

.^tnnr - dramte 2J_ / «w . — ^ ' 

— Umesfom 2.S .SI \v.iS 

17?Ue ZZ t f g jS iJ>o^oo_ _Moo^ 

1 TT" -> a tso rW'O/v^ 3000.000 .000006! 

»t ^/nr-tdcTnn^ 2.5 i.zoo ae^diNC. — ^ Y.i r: i 

JunUSlU JiC nTT ?. — oTiTTn - . .000001! With qrou 

Wood -Doughs firiiimmBxamL- 

„ -Pine So„fh.rn5.L Yellow I .SB I I /.gJ<J,goo ■■ 

TAPkl FT- WIRE ROPE G x 10 ST ANDARD HOISTISIQ -PL OW STEEL. — 

\2V4\2'/4\ 2 I / ys\ m I 7^/8 I Itz | d/S | /'A U'M / Vs ^/4 UZ VL6 ^/S 

SG.Z 45.7 5^ A 29.0 201 


,00000 47 

.0000031 

.000 0 019 

.0000047 

.0000044 

.0 000056 

.000006! 


.00000 i l^iX grein 



SO / 2 B. 






//. 8 a 35 7 19 
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STRUCTURAL - EARTHQUAKES 


LATERAL BRACING OF STRUCTURES 
BASED ON PACIFIC COAST UNIFORM BUILDING CODE 

SUPERSTRUCTURE: _ _ , ^ ^ t , , , , 

Design sfruciure as a u/ho/e and eyerg porf/on of same to res/st 
io feral forces app/ied of eacd> f/oor or roof /eve/ afx}ye foundaf/ons. 

dor izon fa/ force, f- Ctd/n/ds. ___ . 

Uf^re: ■ 

C-^orce facfor^focfor /no/n Tad/e A' odjusfed zone. 

/y = Tofo/ D.L tjl-l.- of and oboye po/nf under cons/derof/on except 

fhr uforehouses ond tanks Of /here ky=7bta/ Dbi-Tota/ L.L. : 

FOUNDATIONS: ^ 

A// fburdotfons on p/7es or soih co/th /ess thon ZOOO^Pearing ya/ue 

sba// hoy e footings interconnected uf/th ties in fayo directions TYPI 

at 90 to each) offer 

Strength of tie shai7 eguoi/0^ of yerticoi toad of heavier /bofing 

connected. Uy 

; 

general design DATA: ^ J L 

Stresses Jho//notber?ore Than J3/Sotcye a/focuob/e ax>rking stresses in cooe i.^ l 1^ 

except :^h of shear in concrete u/otis C> "or thicker sho/f not exceed. OSf ^ 

Qyer turning moment she// not exceea J of moment of stabititg both 11 1 1 

co/cu/oted using the same /oods. | □ | fal : 

Cafeu^arion of shears and moments shot/ be in accordance 

d</ith the coind design. FQUNDATi 


TABLE. A- hORIZONTAL FORCE FACTORS. 


• 1943 



TYPICAL BENT. 



FOUNDATION PLAN. 


Part or Portion 

yalue of "C”* 

Direcdcn 
of Force 

The structure as a whole 
and every portion not 
Itemized in this table* • 

.02 on soil, 
over 2000 lbs. 

.04 on soil 
up to 2000 lbs. 

Any 

direction 

horizontally 

Bearing walls, non-bearing 
walls, partitions, curtain 

.05 

With a minimum of 

Normal to 

walls, enclosure walls. 

five pounds per 

surface 

panel walls 

square foot. 

of wall 

Cantilever parapet 
and other cantilever 

25 

Normal to 
surface 

walls, except retaining walls 

of wall 

EIxterior and interior 
ornamentations 

.25 

Any 

direction 

and appendages 


horizontally 

Towers, tanka, towers and 




L • 


lanks piU8 contenta, chlm- Any 

neys, smokestack*, and .05 dlrecUon 

penthouses when connected horizontallv 

to or a part of a buUdlng 

See Xlop FigB tbr zones . The yo/ues g/ienZT’ a/-e 

orb skoo/d de adopted in iocotions not subject 

to freguent se/s/n/c disturbo/ices.os shocon/n Zone/, for f ir 

/ocot/ons /h Zone 2 , C stou/dbe doud/ed. for iocotions ^ 

Zo/^e 3, T shou/d be ma/tip/ied bg four. f?Z//A 

sfr^sces,d,/5 ts^ z-. , FIQ. B- MAP OF 1 1 WESTERN 5TATES 
/r? 'eu of fae for- shocor^. || SHOWING Z ONES OF APPROX, EQUAL SEISMIC PROBABILITY 

fior/zonfa/ foaids ,/nc/ud/ha efaor/ for cz// i^erf/caf and 

code, femroj-ced masonru c^a'//s czccorc/ar)ce uj/fd 

^ g^eoresf d/sfar/,aoce. 













STRUCTURAL 


UNIT WEIGHTS 


-07 




D LOAD 


WITHOUT 

>R SUBST 


^ 

L ASTER 




ITION 


las.p&R 

SQ.FT. 



HI 


Solid brickwork 
Concrete^ stone 

Granite^ blue sione, marble 

Limestone 

Sandstone 

4”brick-h 6" hoHouj block backup 
4“ - " 8" 

Hallow stone concrete block 
Hollow cinder ” >' 

Solid " " " 

INTERIOR WALLS 6, PARTITIONS 

2’'T.C, or cem. block (non- bear/nd 
3* ^ ** ** 

*• '/ '/ it It ti 

^ ^ tt V It it 

Qm it H it /, 4r „ 

IQ'* M tt tt tt M it 

4" load bearing T.C. or cem. block 

** •* *! II II 

Q** ** *t n tt 

10** ** " ** ** 
tt 't // It tt ¥ 

2’ solid gypsum 
2** ** •* 

3" hollow " 

.4” « ■> 

£" " » 


120 

144 

165 

156 

144 

15 

80 

62 

48 

81 






14 

18 

20 

21 

34 

40 

22 

81 

36 

42 

52 

9'/2 

13 

10 

12 

n 

20 





.£iUNG PINISH 


TYPE OR SUBSTANCE 



Wood shingles 
A sphalt " 

Flat day tHe and cement shingles 
Clay tile shingles 
Asbestos shingles or siding 
2” book tile 
3" - 

Sheet metal roofing 
Corrugated roofing (No. 20) 
Corrugated asbestos 
Wood rafters or sheathing 
Slag roofing 

5 ply- felt tar and gravel roofing 

^ tt tt It tt ¥ II ^ 

3 ^ tt It tt 0 n 

3 " composition roofing 
Slate roofing laid'i^/is ond w thickness 
in place with > thickness 
3" double tap J ii* 

Skylight- frame and glass 

Plate glass per inch thickness 
Hung ceiling- met lath ^ Port cem. plaster 
" " Ume or gypsum plaster 

Lime or gypsum plaster on walls (direct) 
" " » " •' slabs " 

2x4 studs plastered each side 
hannei studs, met lath It cem. piaster- 2'fbic 


LBS.PER 

SOFT. 


2 

3-4 

16 

9 

3 

12 

20 

2 

2 

3-4 

3 

5 

6 
5 

4 

/ 

1-9% 

l4Vz 

/9'/2 

10 

14 

10 

8 

5 

6 
14 

20 


FLOORING a FLOOR SLABS 


type or SUBSTANCE 


Cinder fill per inch of thickness 
Cement finish per inch of thickness 
Terrazzo, /^* thick 
Tile and setting bed 
Marble and " 

Asphalt mastic flooring- i'-^z thick 
Linoleum or asphalt finish 
Hardwood flooring- Vs thick 
Soft wood sub " Vs" 

2x4 sleepers and fill 
Oak 8 longleaf yei. pine in lbs, per cu. ft 
Spruce^ fir^ hemlock^ white pine - ibs. per c.f . 
3“ creosoted wood flooring 



Gypstee! pJank - 2" thick 
Sheetrock— Pyrof/H - I'/z" thick 
Featherweight nailing cone. - 2 '/z thick 

" channel stabs- 2 V 4 " 

Porete roof slabs (with nailing fin) 2 ^’’ " 
Porefe channel slabs- S'/z' thick 

Cinder piank - 2" thick 

Aerocrete lightweight cone.- ibs per c.t 

Naiecode- lbs. per c.f. 

METAL TILES JOIST 20" WIDE PANS & S' JO! STS 

4" deep plus I'/z" topping 

tt tt tt tt 

3* ** '' •• 

IQ'* tt tt tt u 

12 “ // V >/ // 

^ $9 '9 

W£ WAV CLAY TILE-16- 





4!^ deep with no topping 

tt ft tt ft 

¥ tt tt tt 

Q** ft ¥ 0 tt 

M tt tt tt 

JQ ** tt ¥ tt ¥ 

JO** '' y" 




deep 
A’/z • 

S' 

6" " 

7 " ■' 

8 ' " 

9" " 


TILE A JOIST- /< V IfTSl OCKS SAJOI STS 


with no topping 


LBS.PER 
SO. FT, 


5 

12 

Id 

15-23 

25-30 

18 

2 

4 

3 

10 

43 

30 
15 

12 

12 

IS 

10 

15 

12 

15 

50-80 

15 

45 
50 
56 

64 
69 
75 

21 

31 
31 
42 

46 

50 

54 

62 

39 

49 

54 

59 

61 

14 

86 

31 

35 

39 

45 

52 

60 

65 
7 
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STRUCTURAL - 


LIVE LOADS 


TABLE A- LIVE LOADS IN POUNDS PER SQUARE FOOT. 


Occupancy 


Codes 

Dept, of 
Com- 
merce 
1924 

Nat. Bd. 
of Fire 
Under- 
writers 
1934 

Pacific 

Coast 

Bldg. 

Officials 

Confer- 

ence 

1937 

New 

York 

1938 

Chicago*® 

1937 

Phila- 

delphia 

1929 

Detroit 

1936 


Dv^eiltngs. apartment anj tenement liouses, hotels, dob 
houses, hospitals an i places of lietention ; 

Dv^ellmgs. pnvale roonvs and apartments 

Public corriders. lobbies and dining rooms 

School buildings : 

Class rooms and rooms for similar use 

Corridors and public parts of the building 

Treaters, assembly hails and other places of assemblage : 

Aud 'tor unis >N it h fixed seats 

Lobbies. p3SS3ge^a>s. gymnasiums, grandstands, stages 
and aud toriums or places cf assemblage without fixed 

seats 

Office buildings : 

Office space . , .... 

Corridors and other public p.aces . 

Workshops, factories and mere ant ;ie estahi.shments ; 

Manufaclur-rg — I igt't 

** — heavy 

Storage — light 

*' — heavy . , 

Stores — retail . 

“ — wholesale 

Garages : 

All types of yeh.cles 

Passenger cars only 

All stairs and hre escapes, except m pr.v ate residences . . 
Roofs (flat) . 

Sidewalks 

Wind 


40* 

too 

50 

100 

50 


40 

100 

50 

100 

100 


40 

100 

40^ 

100 

50 


40“ 

100 

60*2 

100 

75'i 


40 

100 

50 

100 

75 


40 

100 

5025 

100 

60« 


40 

80 

50« 

80 

80 


100 

502.3 

100 


100 

250 

75 

100 

100 

80 

too 

30 
250< 
10 203 


100 

502 

100 

1252 

1252 

1252 

1252 

1252 

1252 

100 

30 

300 

15 - 30 « 


100» 

502.3 

100 

75 

125 

125 

250 

75 

100 

1009 

100 

100 

20 

2504 

15-20*® 


100 

50“ 

tOO'4 

120 

120 

75*5 

120 

175‘« 

75''* 

100 

40 

300‘« 

0-20*9 


100 

5021 

100 

100 

100 

100 

100 

100 

100 

10022 

5023 

100 

25 

25-352* 


100 

60 

100 

1202«.22 

20023 

15023.2^ 

20023 

11029 

11028 

1003O 

100 

100 

30 

1203* 

20*2 


100*^ 

503* 

125'* 

1003S 

12534 

10035 

10035 

15032 

8035 

10039 

30 

250 

20^ 


c/oss/’^'Cet'or used fn Tab/e A is Based prim or //y upon ihaf g/Ven /n tne Report 
of 3u//aing Code Committee of the U. 5. Department of Commerce ent/t/ed 
.'/.n,mum j.oods A/Jocuob/e for C/se /n Des/an of 3a/ td/nas.'' 


.or j- 
5/ -^s'S-G 
S p^cr/Yl 


^ WIND STRESS REDU rTiOMg^ 

concrete STRUCTL^£S ;- /ncfecrs& c7//o>vo6/e J ^here 

acrafGct' fc> //v'e cmc^ c/c<Da^ /o<yt>Cr.** ivnere ^/f7<y /ocrc/j^ o-^e 

<yr7c/ other forces. 

' WOOD StSuc^Ub?^'-^ n.r c/eca. /me /o<yc/^. t 

ST^UCTURE^ -- //7c^gcr^e a/Zo^c^/c S /re ^ ^ ers i S c/ / /ofy /o 

■ y.-tan . f^<^c//r^cZ For &eoQt C7r7(^ //u^ Jaacy. tt ^ rfor 

soeeyfed t e InZ fc^r sOrT7fe. /f na/ ot/rermise 

For rer/r>r- ^^.C^''e.-^h<7r/ormotor(/r/ven,not/esJ-th(7n20 

^°''^^^rr^^o/yr,^rr,^eA,r,eryorpo^erun;/s,not/esrt/,onaO .. 

The ieter / RUNWAY FORCES 

at t/re /=/, ^ 1 w ° yW^r/'/^e 


Ctr? t: 


STRUCTURAL 


LIVE LOADS 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10. 

11 . 

12. 

13. 

14. 

15. 

16 . 

17. 

18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40 . 


FOOTNOTES FOR TABLE A- ON PAfiF l-Oft * 

oVjto 2^ f’r.f or ribbed blobs. 

o'nlt?"®' equivalent to a single partition placed in any position. 

Ur 800 concentrated. 

10 for portions below 40 ft. and 20 for portions above 40 ft. 

15 for portions below 40 ft. and 30 for portions above 40 ft 

W for library reading rooms and 125 for stackrooms. 

150 for armories. 

^concentrated rear wheel of loaded truck in any position. 

15 for portions below 60 ft. and 20 for portions above 60 ft 
Including corridors. 

w'forc'hur^he^S^*^'^ seats or, by special permission, other small rooms. 120 for library stackrooms. 

Including entire first floor. 

100 for entire first floor, 

O? loWconStted'/'"^'''"® driveways, 24,000 concentrated(ror beams, columns and girders 120% LL.). 

Or 12,000 concentrated for driveways over sidewalks. 

gOfor structures over 100 ft. high. Special consideration for others. 

exceeds live load, specified live loads may be reduced by ratio of live to dead but not to less than two-thirds 

Or 2000 concentrated on any space 3 feet square. 

Or 3000 concentrated on any space 4 feet square. 

100 on first and second floors and alternate of 3000 on area 4 feet square 
25 for surfaces less than 275 ft. high with variable* ^hove. 

Only school class rooms with fixed seats. 

Churches only. 

150 for certain occupancies. 

Every floor beam 4000 concentrated. 

1 10 for storage of household goods. 

Or 8000 concentrated. 

Interior courts, sidewalks, etc., not accessible to a driveway. 

25 for Isolated structures exposed for full height. 

125 for dance halls and drill halls. 

Above first floor including corridors. 

125 for first floor. 

150 for first floor. 

Or 2500 concentrated on area 6 inches square with such concentrations spaced alternately 2 ft. 4 m. and 4 ft. 8 m. m ono 
direction and 5 ft. and 10 ft. in the other direction. 

Only structures with clear head room of 8 ft. 6 in. or less. Or 1500 concentrated spaced as in 37. 

50 for dwellings and apartments under 3 stories. 

For buildings less than 500 ft. high. 


LIVE LOAD REDUCTIONS. 


NEW YORK CITY CODE . 

fo) 5trucfc/r^s for s forage purposes -o// 
Co/u/r>n s, p/ers, caa/fs & fourxPaf/ons mag 
be Pes/gr>ed for S5% of /i^e /oad. 

Cb)/r> srruefures /ntenefed fbr of her purposes 
J/^e food redoc^/ons for co/urnriSy piers^ u/o/ls 
and foc/r>daf/or>s ore^ as JOOVo 

£. or? raaf^ 7*op fhar, 30 Yo nexf f/oor 

anc/ 3^ PQcfucf /on for each suctogss/'ug 

f/aor prok'/deef fhof /n a// cases of 
/eas/" 3096 of /A^e foad fs assc/rr?Gai 

{G) OJrder members fexcepf/n roofs os 
Specffz&cf he /o rv) oarny//>p /yoaa /aads 
fhe egcr/v'a/enf- of 200 Jp.fA or mor^ 
moi/ he des/^n&d far SS*yo of //yre food 

(d)7ru3Ses g/rders sc/pporf/rg Ca/umns 

and /hr deform/ n/ng area of faa/ings, /he 
fa// dead / oad S~//ve /oad rnag he /akerj 
ys///h / he reductions as perm/ffed in /br.lb). 


DEPT, or COMMERCE CODE. 


uYc^pf in buff^/ngs 

/he fo//oiv/rrg redac//a/?s //? assumed /ofa/ //ve 
faac/s o/'c perm/33/b/e, in designing a/I 
oo ! u m n 3 f piers, idalisy fo undo fi an s, Irasses 
and g/rders. 

fiedud/on of to fa/ /.I, Carried^ 
Carry/ng f f/oor o% 


/ f/oor 

o% 

2 •. 

io - 

3 

20 - 

4 

30 " 

5 .. 

40 ■' 

6 *• 

45 « 

7 *• or more 

50" 

'n/ng the area af . 


reduef/ons //gc/rcda^g>e)nrr7///ed above, sha/l 
be faken/excepl fhatrn b/dgs. for bumcm aaccj- 
pa/7cy ^ fur/herraducfion of^ L.L. os 

perm/t/ed oboye rnog b e used. 


^ Do fa from Reinforced Concrete Des/gr> //endbooh of the Rmer/can Co/icrefe /nsf/iufe. 
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STRUCTURAL - FIXED END MOMENTS 


A 



E A- FIXE 



D 


A 



mxaum 







9iorC^ 


Ce 




70 


2 ! 


22 


23 

24. 

25 

ii 

11 

26 

29 

30 

31 

32 
23 
34 


.00005 


000/9 



0 05 20 



0 07 OG 



0 ' ' 3d 


0 ! 251 



0/501 


.01636 


0/769 


.0/904 
0 2 04 f 

02/3/ 
0 2323 
0 2466 
0 26/0 
0 27 56 
0 2902 
030 50 


-32 .03/96 

■33 I 0334G 

■ 34 \ . 0 3494 


00 000 


000 00 


0 0 001 


0 0 002 


0 0004 



' O' ■ DO 271 

000 ! ! 

18 ' D028~' 

. 0 00/6 

.59 0 0358 

000 23 



0 0 04/ 


00 0 52 


. 00066 


. 00082 


.00/00 


. 00/20 


. 00/43 


. 00/66 


. 00/96 


. 00221 


. 00260 


.00296 


00 3 3 6 
.00373 
0 0423 
00412 
. 00 523 
0 0 516 
006 36 

00 696 
0 0162 

00330 
. 0090/ 
009 76 


35 


36 


37 


33 


39 


40 


4/ 


42 


43 


44 


45 


46 




49 


50 


5/ 


52 


54 


55 


56 


11 

53 

11 

60 

6 / 

62 

63 

64 

65 

67 

68 


03642 


0319 0 


03931 


04 0 83 


04 2 29 


04313 


04 5 H 


04 6 59 


041 9 9 


049 3 6 


0 5 0 15 


052 /0 


0 5343 


054 14 


056 0 3 


05 7 29 


05 8 53 


.060 9 2 


.06203 


063 1 I 


. 064 3 / 


.06536 
066 4 2 
.06 74 2 

06 34 0 

06934 
01 026 
.07113 
07/98 
.07 2 7 9 
.0 7 3 5 7 
.07432 
.07503 



. 0/054 


.01135 


. 0/220 


.0/308 


.0/399 


. 0/493 


. 0/59/ 


. 0/692 


0/196 


.0/902 


. 020 /2 


.02/25 


0 2 24! 


. 02359 


0 2460 


.02604 


0 2 730 


. 02859 


. 0 299 0 


. 03/23 


. 03253 


. 03395 


. 03534 
.03675 
.033/1 
.03960 
.04/05 
04 2 50 
.04 391 
04 544 
.04692 

048 40 

049 83 
05/36 


69 .0 7 51/ 


. 70 


. 71 


. 72 


. 73 


. 74 


73 


. 16 



. 73 


. 79 


.80 


■ 31 


. 32 


.33 


.34 


. 35 


. 86 


. 37 


. 33 


. 39 


90 


. 9 / 

. 92 

■ 93 
. 34 

.95 

96 

- 11 . 

. 93 

. 99 
/. 00 


6 36 


. 07 6 91 



0 78 /0 


. 073 62 


. 0 79 / 0 


9 55 


079 93 


. 08 0 31 


. 030 13 


. 03/01 


. 08/31 


. 03/65 


. 03/90 


.03 2/3 


. 08 2 34 


. 08 2 5-1 


.032 6 1 


. 082 3 / 


.032 93 


. 03302 
.033 11 
0 33 /1 
. 033 2 2 
. 033 2 6 

.03329 
. 0333 / 

. 033 3 2 
.03333 
.03333 

. 033 33 


. 0 5264 


. 0543 / 


. 05511 


.05123 


. 0586 8 


. 060 1 / 


. 06/52 


6 29 2 


. 064 29 


06565 



0 6821 


069 53 



.01/95 


.073/0 


.0742/ 


.07521 


.01628 



. 073/3 


. 07898 
.07915 
.03046 
. 03 //! 

. 03/61 

■ 032 / 6 

■ 03253 
.06290 
. 033/4 
. 083 2 8 
. 03333 


5 ng . Re-caj-c/ 


/3. J3 4 8,Arffc/e by M./^. Rosfensfeln. 























































STRUCTURAL - FIXED END MOMENTS 


TABLE. A - FIXED END MOMENT 


CONCENTRATE 


LOADIN 






^4 


. 0 / 


. 0 2 


. 03 


. 04 


. 0 5 


. 06 


. 0 7 


. 06 


. 03 


. 10 


. I ( 


. /2 


. >3 


. 14 


. J 5 


. /6 


. n 


. /8 


. IS 


. 20 


: 2 / 


. 22 


. 23 


. 24 


. 25 


. 26 



. 28 


. 29 


. 30 


. 3! 


. 32 


. 33 


. 34 


* Do /"a 


M , 


. 0 036 PI 


9 ; 



.0282 


.0 369 

it 

. 045! 

0f 

. 0 530 

U 

. 0606 

9i 

.06 7 7 

it 

.0 745 

ii 

.0810 


. 081 ! 

h 

.092 9 

ft 

. 0 984 

a 

.1035 

II 

. 1084 

a 

.1123 

/I 

.117 1 

II 

.12 10 


. 1241 

fi 

.1280 

// 

.1311 

it 

. 1338 

9i 

. 1364 

it 

. J 38 6 

ii 

.1406 

a 

.1424 

a 

.1439 


. 7452 

9i 

.1462 

a 

. 147 0 

it 

.1476 

it 

.1480 

ii 

.148! 

it 

. 148! 

ii 


. 35 


. 36 



. 38 


. 39 


. 40 


. 4! 



. 43 



. 46 




48 


49 


50 


5! 


52 


54 



58 


59 


60 


6 / 


62 


63 


64 


65 


66 



68 


Ml 

.1479 

PI 

.1475 

ff 

.1469 

a 

.1461 

it 

. 145 1 

it 

.1440 

ii 

. 1421 

4/ 

. 1413 

is 

. 1391 

it 

.1330 

it 

. 136! 

ii 

. 134! 

it 

. 1320 

m 

.1296 

99 

.1274 

H 

. 1250 

if 

.1225 

n 

.1/96 

it 

.117 1 

if 

. 1143 

// 

.11/4 

a 

. 1084 

«i 


9 / 




10 23 


0 99 2 


0 960 


092 8 


0695 


0 862 


0 62 9 


■96 


■63 


0 130 


069 6 


. 69 


■ 10 


. 1 ! 


. 72 


. 73 


. 74 


. 75 


. 16 


. 77 


78 



. 60 


. 8 ! 


82 


. 83 


. 84 


. 85 


. 86 


. 87 


. 88 


. 89 


. 90 


.9/ 


. 92 


. 93 


. 94 


. 95 


96 


. 31 


. 98 


. 99 


I. 00 


. 0663 PI 


.06 30 ■' 


0 59 7 ■' 


.0564 " 


.0 53 2 " 


.050 0 ■' 


.0469 " 


.0438 ■' 


.04 07 ■■ 


. 037 8 ■■ 


.0346 ■■ 


.0320 


.0292 ■ 


.02 66 


.0240 '■ 


.0215 " 


.0191 " 


.0169 " 


.0141 " 


.0127 ’■ 


.0/08 " 


.0 090 " 


.0 074 " 


.005 9 ’ 


.0 046 " 


0 03 4 " 


.0024 •' 


.0015 


.0 009 " 


.0004 " 


. 000 ! " 


.0000 '■ 


from Rocoref, ,/ur>e IS, J 342 ,Ar 7 -jcle by M. IM. Rostensfein 
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STRUCTURAL - BRICK MASONRY 


^ A^fck 




bR I C K WORK 

5r/cA..-3o/>d courje rouf 


C/oj^r. 


, COA^MO/^ Band) C 

c-zxi.-'fr 3 o.^ ^ S'^rf/Z/ar do* i</: 

Z'e^ders.^xc^p/'e^^ru j* corner 


COMMON (F/cmi^h Bond) 


ij 


ErS<Sl.I5H 


ENG-L!5f-t Ccrosi) 


FLEMISH 


FLEMISH- Coouh/v sf-rctcfw) 


FLEMISH (cross) 

d^ofmon- fZ’ Jcnqfh * ZW * 3'^" 


FLEMISH (Diagonal) 


Woocf ^ 
grounds. 




f<^ o^. Copper 
flashing 
fasi'ened /o 
h/oocZ grounds 

Cemenf Coni’ 




erg 




aagggjggg 

m mamssi 




ION 


everg course 
3-0”^.c. horiT. 




mm 


mm 


Rooftn 


A 
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STRUCTURAL 


STONL MASONRY 


- STONEWORK - 



UNCDUR,5ED F1ELT)5T0NE -POLYGONAL. AV35AIC 
^iOUGH O^ORDINA^CV: ^?_ANDOM. 

TYPE^ OF PlUBELE MA^ON^V 


COUiEL5£D 


lo/d c/ J^roh/zec/ j/one on /ob 

/f be^u/^o rubb/G 4 F/n/jb 

/S quarri^ ^acc, on 

Ca/fcd rubb/e o^b/or jn <^nc7n//is 

5Q\JMlD-^^0^l MA50NC/. 






Cac/.rsG<y 


BROKE-Nj RANJ<^^- -RArSDOM 

/n^Grrup/c^ Course^/ 

TVPES OF AOHLAR. MAOON^R>" 

This /S ^/one fho^ /s dressed, ^uored or C^uarrcf ^ac^o/. 


R_AN O £.. 

Coursed ( loncf ^^ones) 


ELEVATIONS showing 

Xiraf^ hne 



jointing foe, OTONJEi. 

rTooJed rnar<j/n 


W l UK H IHiWIlUHIHiir 


F^r bo^h hone/ 
^ofJ stones 

fcock or Ptfch race. 





% % 



Jmooih bid jaui rnart. 
nsfh/e . 4d s/orcs- 

Saufed rinfsh (Sanq). 


marked /hen 
sowed- Jc// s/ones 
J ho f Sau/edCPough). 


X^oofh hr.sh ijLn/h some A/a(/ b« rooi’se inedn/m or 
/ex /arc . do// s/onej. hne i/nja//(/or hards/ooes. 

Moc/j/ne r/ni5h(P/oner). Po/n/^ /yn/sh. 


d//er po/n//r}<^ on 
/?< 3 rd .s /ones. 

Pean Ham/vered. 




Tor Jo// j/ores a'am^ 4 /o 8 eu/ m ye"" Tor 40// s/ones. 

3ush^ ha/rtmered. Pc/en/ duih harrjraer. Droye or doasjed. 


Ait s/onrs Used mu<hon 


JPondom 

Tor soPt j/ones Too/ marks moi^ he Z taro ber tre/t. 


//and doo/Gd 


Mach/ne Tbo/ed 


Tor so// s/onej 

Too//! - c/i/sg/^ 



iTer*^ Smoe/h. 



Smoo/h 



Jmao/h 



yieri/ smoo/h 
//as A/^n ^/css 



fx>r So// Jfonps 

Crah<dc7//ed. 


T^x/vred bi/ macbut^ 
Tor L/mGs/one 

P/ocher Ttn/s/t. 


Tor //meshone 
pone bi/ rnac/tme 

Cordorar/dufTi T/msh 

N E 


A/f j/ones- 4/ay cue A/ar6/m. -Tor 

sand or carberxjrtdu/n /n/enor tuork- Jh// shnex. Marb/e and Srom'/e 

JtuPbed ( H/ef). /Zoned CrvPPed hrj/J. Po//shed {honed /tfy) 

FI N I3HE5. 


dexcxrn /<t<G arid s/s/d /ace ('dr hac^J no/ sAocon as hhe*^ are no/ cuorked {xn/shea ^ 


* <r eshfaP 
0 I /9 ^ytt 


Hi 



4 t: 


* if. 




d^uoxed s/ofte prrtni*^^ xand- Tor /me 
masonrt^ j/one 4- hmei/one uxori 

ai/>lai f/m/ienj/ u i«r. himts/one 



beaded 

0 


dpec/o/ 

yfderlors 







- ■■■- 

L.- ■ • . ^A»</ 


<fraar<ed j'; 


£>TO N E 


e 9 

f^u^hx coh^d hixpGd o/^ sJ^o / . 

joints 


^ TYPE 3 . FINISH and JOINTING OF STONE- MASONRY 

S perch /S nominaHip /^‘^' /on<p, /o' htgh 4 /•d’ ih /ck. ^ Z4^ cu. ft. Jn ^ome /oca/if xes idz d zz cu./f. are uci 




Adc/O Fro /77 Arch, Graph ic by £ S/ec 
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STRUCTURAL 


WALLS 


WALL THICKNESSES 


N.Y. CITY CODE. 


FOUNDATIO N 


WA L L 5 


00 


E N L ^ A L 


CASE! 


PR,I V Art 
OWE LLi NOS 


other. 

STRUCTURES 


HOLLOW &LOCK 

(NO BASEMENT) 


HOLLOV/ BLOCK. 
SUPtlLBIRUCTUim. 







f 1 4 n ^ 

'casfs> 




I : Cd.ncr^-^ /7‘Mn, 

I 'i ^ 




CURTAIN WALLS* 



SODD WA5C'Na.> wOLtOW SlOCk,^^ WALL I SOLID B R. r C K. 


55LELETON WALLS'* 

* - — — - — 


SPANDR.tL(APROW) HOLLOW BLOCK. 




S orofAp^rored 

A istmbhts 

Ca V/ /v UJa H 



BRICK 4 tile, reinforced concrete 


N o T E S 



E) LAJil N G WALLS 


SOLID 


GENERAL 


M ASONRY HOLLOW HOLLOW 

►LD<;SlJNDtB.T5^|Cf.lMrCON«ETX ^ CAVITY BLOCK 


hap Sfc 




^Qidnry — • 



^op oh 



private: dwelljnos 

A/f/y or /ess 

MIXED OCCUPANCIES 

zS'O'uh/^ or /ess 


% 

1 3 “Jo A a A/asonru 
1 or hfo/fouf /^osohry 
\cr Car>hu Wp/h 

I 

‘ /h''AuAO/e 


/O ' //oz/ouj A/osor>ru 
orCavf /y Wo// 


interior 5EARIKI6 WALLS 

RESIDENCE ■ STRUCTURES 


BEARING doth BEARiwG I SIDE 
SIDES u MON DEaRING 


^/l /oaa 


/: 2S Duje//. 

jS Q ^f^^or/^sS cna 

/^f M^C occufionc/es 



Tofi o/ 

iupporA 


/'SC sec ^'vo/c^we!/ir. 


JS or ;C3S A mie^C'ccuponcy 


&/dj^ unpor 

75 htah naop 

X iricvfd 
*v 


OLNLP.AL -MOTES 


isolated 

Piec- 


UJa/is ^us/ de itiirAened tf: “r 

o) Opan/r>^-i oxcwvtJ Soy» [ 

0) CMar /t,^r, loofoi 5fiCfh r/CW^/j I 

20' /or 0€Or'ftf m^/Zi {S€C C\JX3lO) 

c) C/rfSuppcr/oehar mon vi 

2p ho /. ^ 

0-) AounPo/tons Jre morr I 

/Oon yj 'OpeO O */ ho//i SyppO'/y 

0 On/tordeo Jr/cA /fsA/cr J 

s used. 




^/t iAu// 

Oe/e%'> 

► rhyr' /O 


Mat />or/jonfa/c/amr 
/tr>g//> 0/ura//s So' o ". 
/h/ar/or Soart ng tga//s 
or struchuro So/rtt as 
Orar///f u^a/Zs. 


'^coroora'jT^ typ^co/ of ^oefern 

/ .e coaes. n>r u^a//s sai>j<Tct to eorrf ore^sa ^e 

C^rr7/>//t;^ ^^/tvurz /f. See/^a 



- see 


g f/^oughf ofa/igof 

2'G 3 


n M 
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STRUCTURAL 


FORMULAS 


TRIGONOMETRIC FORMULAS. 



s = 


a + b-t-c 







i-n • 


tot • 


ton * 


Cot» 


Op - My;* 


»yp 


Op - *<s 


Ad - Op 





Op ' +0n 


MyPritfC Ad« jec 



Formula 


a bin B - 6.0 A 


a bii^(A+B) “ Sin A 


b b'n A - 6'n B 


b Si'S (A4 - 5’'^6 


tOb<£*Hy-Op Uip-CO’^ 



Op'COSft 



ABc 


ACa 






C bin & - bin (A+ &) 


a 5iri(AtC) r 6in A 


a 6in C - Sin A 


b sm A - 


b 5inC ' (^♦C) 


c Sin A - smC 


O'Vf'l 


obcs 


obcs 


Aob 


Aac 


Bob 


Bbc 


Coc 


Cbc 


roPMUL4 



Abe 


BCa 





a Sin B r Sin(B+C) 










ton 2 a - b 


cot * a*b 


6 'o M a.-c 


tot = b-a 


ton * b 'Cx. 


C'a 





b Sin (80 - sm B 


b sm C " S’n B 


C b'r>(B^C) - sinC 


C 6in B - 6'n C 


Boc 



abc B 




V+ c*-a>-)- ab 


:a'*b2.cO - 2b 


dm » b sm A - c 


6m s c S'O A - a 


6 m • <a Sin B . b 


sm c c sm B b 


6 m * a Sin C - C 


6»n s b 5in C •■ c 


BO®- A 


- Cb*c) 




'^dC6K)-'i(8'C) 


5 'fC^- 2 bc cOSA 




tan . Oo -O-too (SO' B)] - (o t) 


*''c(AO*^(A'C) 


’/£(AO-'/i('A-C) 


be 





Ab 


Ac 





cosdc ■ c ' b 


a cot A 


a to^ec A 


b t^n A 


b tec A 


C 6in A 


C cos A 


dm 


a - "^on A 



cot A 


C 06 A 


cosec A 


sec A 


abcb S 


bes C 


ton t A • YtS'bX^-e 


Sin iB»Y^Us-c 


cos t B «Vs(s-b)-< 


Cob 



(a* 8 )B BO®-v.c 


ton s (jp -Wten^O^ * b) 


‘'' 2 ('A 46 )f 4 ('A-B) 


yt(A* 8 )-vs(A. 8 ) 




COS tC«Vs(s-c 






Given 


formula 



bWM 
py w 


kpvtv 




tiTiy 





(b*K)^ 4 -vl 


bw(b*’y)-C''Cb*p)*-‘vCbtk) 


bv(b*p)-rv(b+p)*- w(bfW) 


-fby-[v(b*p)t ivfbtW)] 


b m [y (b+ p) -t IV ( b f V)] 


y(b+p)t'v(b^k) 


aw - ^ 


Give 


bpw 


bnw 



formula 


ivch 


formula 




btnp 


bnnp 








bCb-n)-(zb + o-n) 


b(b*p)-(lb-^P-n) 


b■f-(^b -x. p-n) 


bm-(tb + p-n) 


bw>(abtp-n) 


aw T -f 


cw - *>1 


bp*v 


bw 


bp 


btp 




> ♦ p)‘ 4 W C 


4. 


b^ - (Eb+'P) 


b(b*p)-(2b Fp) 


bpw 


Ofw 


Cn>w 


b-frC^b+p) 


bmr( 2 btp) 


bw-'Tshtp) 


ow - f 


CW - m 



TO 

fino 



dr 0 










dre b 


bB 


cB 






fe 



ro‘»^ULA 


d S'r'* B 


r s n 28 


d Sin e, 


Sm ^ ; Yb'd 



db 


i.n Q • e.~d 


- d 



'/j b - Sint 5 


72 e - Sin e 




fe.n & - Yci- ft - 


b-n & s b - e 


'^2.6^- b 





b»'F 






Cirr 


Area 


Arc a 



U4.(p.y;?l- Czb-Zy) 


(j> zbtzr 



c 

or 

orfbi 


Area 


Circle • 5 'Ai(p r i 


s-O'JBSAdt 


s 0 OTBCo c*- 


Scetpr, 0 ear 


Sdfl^ent^o Sc^r-'fS 


D^fo dy /^/ner/can Bridge Co.- from Sinyl^fonyMiS^nuf^l of 3fruci'Lir<^ ! Ivcs ^ 5ons . 
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STRUCTURAL- FORMULAS 


of Sec f /on 

Mofr>en/a/‘ /netf/o p DQ D 

5 •Sec/ ton Modulus 

r = /^oa//us of (Sj/ra//on 

f = £x/reme fiber s/rexs p.sc, 

M~ Momen/ /n In. fbs. 


PROPERTIES OF SECTIONS 


/^or ro//^of s/ee/ 
^ec//ons : 

S=— 


^ 1 K /A <f jt ♦ i r 

u — *• ip ^ ^ 

’ " -f 


'-- 1 - iJ, V 






hA .n 


dt ♦ n) 


X » 




f 


c*- e.^: 


• inb'+ctj 






dtf O-Cm^n) 

d 


..ay-,.. V 


r-^.r ; 


-I I, 




9 


-V 



iA I 

A r>? .< 


3 — 


Is • I, 5 ''\^ 4 - I, C 66 ^ 


^ 6 - 0 ^* ^ 




PS: 




1 - tldfty.tld- 2 . 




:-i¥) 


Z 


Is • If* * 0 ^^; l 4 «Ii 4 -j 4 aod* 
^ ^ ^ 


I Is*!, f Xi co 4 ^ 6 ? 

U.Lcoi^S *' It 




C6S 




"Ad^pUdfrom Singleton, M^nu^/ of 3fruc-ture^l Desion. UM. ^ Sons. 








i-n 


STRUCTURAL- FORMULAS 


A. “Area of 3 ec//on 

of Inertia 
S^SecfJor? Aioc/cf/us 
r “ of Gyration 


properties or SECTtOMS 



l] 


k ^ d^; 


X <* 


<L 

■ " 5 “ 


=• oM(trsd 


LTJ ''"-vt' ^ 0-6-,736d 


E 


'Trr*= 07 fl 64 <j^ 3 t 4 .l 55 rt 
xc-drZ = r 

I,s - 049 0 &d*k 7354 r* 

e),- 2 g?, .Ttt 54 .r 3 



/ar ra/fecf ^ fee J 

^ec flarys : 

5 = -hr- 



k » bd . ft H ^ 

-j 

_i ^ d 


= V^ = 0 


2 fie<o 7 Sd 




A-bd. 


X = d 


I. ' S, r i^' 

«rO, 5 . 7735 d 



i- : 




A= td ^ t, (b-t) 

4 

L_- ^t.t^Lbztl 

Gd 


n s -i^ « rt 


V 1 F 


0 ^ 670 Ed 



A-TT^ . 7654 bd, » - d 
I, s - 0 04905 bd^ 

C »4 

t>,cTL^- = C 05 S’ 6 bdi 

i 


f\’^. x-d 

« 0 406248 d 



A:r7I^= TSSibd. 

- 

S,.^^ - 

n. ^ 


0 04309 db' 
0 096 i 6 db^ 



H A » bd , X 

X ^**'***sj^ T _ b^d> 

^ ^tA+d*- 

VG(bt>dO 


■VbWd*- 



A--^l 2 ^«i 5706 r^ x-^ 

X,* r((l -^)=:0 57559 r 

« 0 I 097 i> r*- 

0.1904,0 r> 


n •' r 


m 0 26434 r 


A = 2 d^+i,f> 2 at^-oe 2 fldS 

L- . ossd- 


' - 09 d> 



A* bd 


K -• U-illl 


5 ,= bdCbS'n^< 9 td^u:i^^ 9 : 
Cp( b ^ d c<ci6) 

r. « '\/h^ 6 tn *-5 vd^a) 5 ^ 


■ * ■ ■" ■ ■■■ ■ ■ 

AdAp■^ec/ from Srn^lefon, Mahua! of Strucf uta I De&i^n, U M. /^es ^ Sons . 
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STRUCTURAL 


FIREPROOFING REQUIREMENTS 


FtREPROOFING REQUIREMENTS 

UNDERWRITERS' RECOMMENDATIONS 


PROTECTION OF STRUCTURAL PARTS 


FlRE-RESIST^NCE RATING OF WALLS 


member 


FIREPROOFING 

MATERIAL 


Minimum T^'ioknett 
In lnoh«s for hourly 
Fire ReileIWo Periods 


MATERIAL 





Steal or Cast Iron 
Column! 


Web! and ftangef of , 
tleel beemt and gird* j 
ars. except aecondary 
membera; chords and( 
cri miry member! of j 
truiaes. 


Conorete 

Gunite 

Brick, of olay. thile 

Of cono 

Clay Tile, or olay 

ti te and cone 

Solid gypium block; 

poured gyp 

Hollow gypium block 
Metal lath and Qyp* 
lum or Portland 
cement platter . . 


Concrete 

Gunite 

Brick, of clay, shale 

or cono 

Clay Tile, or olay 

t'le and cono 

Solid gyeaum block; 

poured gyp 

Hollow gyoeum block 
Metal lath end gyp* 
turn or Portland 
cement platter . . . 


2 

l ''2 




Minimum Thioknett 
finished, inches, for 
Fire Resletlve Periods 


2 '/ 2 * 2 



2'/2 


Briok of Clay 
Shalo or Con* 
Crete 


l'/2 

2 


Reinforced conorete 
ooiumnt and soffits of 
beams and glrdara. 


Soffits of joist and 
sides of beams and 
girders, R. C. 


Flat ceiling under 
steel joiit or other 
secondary beams 
with 2” minimum 
slab over; all teoon* 
dary truss membert. 


Concrete 


Concrete 


Metal or wire lath 
and gypsum platter, 
concrete, burned 
clay or gypsum 

Gunite 


Reinforcing and tie 
rods In floor and roof Conorete 
slabs. Gypsum. 


Wood joist with 
double board floor on 
top of jollt. 


Metal or wire lath 
with gypsum cement 
plaster 



Structural Clay 
or Shale TiJe 


Hollow Concrete 
Blooka 


Solid Concrete 
Solid Gunite 


Hollow Gypsum 
Blocks 


Hollow Gunite 
Wall 


Solid Gypsum or 
Portland Cem. 
Plaster 


Hollow partition 
with %" gypsum 
or oement pits* 
ter, or Gunite 
on each side 


Solid, unplaitered 

Solid, plastered 

Hollow (rowlook), un- 
plastered 

Hollow (rowlock) , plast'd 


End or side construe* 
tlon. One cell in wall 
thickness, plastered 


End or side construction. 
Two cells in 6'^ or 8” 
thickness, unplasiered 


End or side construction. 
Two cells in 6" or 8" 
thickness, plastered 


End or side construction. 
Three ceIJs in 8" 
thickness. Unplastered 


End or side construction. 
Three cells in 8" 
thickness. Plastered 


One cell in 8" or less 
thickness. Un plastered 


One cell in 8" or less 
thickness. Plastered 


Reinforcement not less 
than 0.2% in each 
direction. 


Plastered or unplas* 
tered 


Hollow, reinforced. 
Outer shell 2" thick 
for 10” wall or I'/s” 
for 8" wall 


Incombustible stud* 
ding with metal or 
wire lath 


Incombustible studs, 
metal or wire lath. 1'' 
plaster for 2 hr. rate 


Wood studs, metal or 
wire lath. Fire stopped 


‘For this table Indicates 2 equal layers of plaster with 1" air spaoe, ’For this table indloates walls are non-bearing. 

FIRKPRC)OFING. Where flat ceilings are suspended to form an air space between the member and the pro* 

Action, the permissible ceiling thickness may be Vi'" less than shown in table, with a minimum of The 

reproofing of iron or steel members shall be measured outside of the extreme edges of the member) ex- 

cep t t projecting lugs or brackets shall have a minimum of I" thickness. For reinforced concrete mem- 

ers ^ ® called for in table shall be outside the reinforcement. For desipn purposes the protec- 

tion shall be disregarded, considered as carrying no load. 

FIRE-RESISTIVE RAXING OF FLOORS. 

nwu. *^1- ^ consist of reinforced concrete or solid masonry slabs or arches, minimtun 4” thick- 

\ I K »ason^ slabs or arches with 2" solid slab on top. All steel to have 4-hour protection. 

thickness or consist of reinforced concrete or solid masonry slabs or arches, minimum 2 ‘/ 2 '- 

ttiickness or 4 hollow umsonry slabs or arches with IVz" solid slab on top. All steel, 3-hour protection. 

thickness or 3° hollow concrete or solid masonry slabs or arches, minimum ZV^" 

thickness or 3 hollow masonry slabs or arches with 1" solid slab on top. All steel to have 2.hour protection. 

2%’ thickness o^ S^Tollow L'""®' concrete or solid masonry slabs or arches, minimum 

s4l to ha^e l' hour P^o IcLr'woL® r thoroughly filled with mortar. All 

joist, rated one hour^constrnction ^ ^lelow the 

Fire-resistive construction (often called “fireproof”) is the l.ighest 
tection for all columns and a 1 Drii^Hv K " than eight stories or 85 feet, in height, shall have 4-hour pro- 
structure less than er^ht stor s^or 85 feet^'^Vellf®' Protection of floors. For this t^ 

3-hour protection, and 2-hou? protection for floo ! ® M Pnmary beams and girders shall hal^ 

steel lintel, not fireproofed on uX side '^'"^ow openings may be supported by a 

fireproofed beam or girder For onpninrra ^ f lintel ib supported at proper intervals from a fully 

ported, but may be clrried on masonry.^ exceeding four feet in width, the lintel need not be 80 flup- 

/>/ccy froryn S,njlefcn,MAnuAl of 5frucfur.xl D ff. M. fyes, ^ Sono . 





























WIRE AND SHEET METAL GAGES 

IN DECIMALS OF AN INCH 


Nama 

of 

Oaga 

Unitod States 
Standard Qao^ 

American 
Steel A 
Wire Co .-ss 
snd John A. 
Roebling 
Sons Co. 

American or 
Brown & 
Sharpe 
Wire Gage 

New 

Birmingham 
Standard 
Sheet d 
Hoop Gage 

British 
Imperial 
or English 
Legal Stand- 
ard Wire 
Gage 

Birmingham 
or Stubs 
Iron Wire 
Gage 

Narrie 

of 

Gage 

1 

PriiKipal 

Uae 

Unooitad Steel Sheets 
and Light Rates 

Steel Wire 
except 
Music Wire 

Non-Ferrous 
Sheets and 
Wire 

Iron and 

Steel Sheets 
and Hoops 

Wire 

Strips. Bands. 
Hoops and 
Wire 

1 

Principal 

Use 

Qage 

No. 

Weight 

Lb per Sq Ft 

Appfoi. 

Thickness 

Inches 

Thickness. Inches 


Cage 

No 

7A)t 

20 00 

.4902 

.4900 


6666 

500 


7/0’s 

6 /0's 

18 75 

.4596 

.4615 

5800 

.625 

.464 


6/0'S 

hlfft 

1750 

.4289 

4305 

.5166 

.5883 

.432 


5A>'s 

4/0's 

16 25 

.3983 

.3938 

.4600 

.5416 

.400 

454 

4/0's 

3/0‘s 

1500 

3676 

3625 

.4096 

-500 

.372 

.425 

3/0's 

2 /0's 

13,75 

.3370 

3310 

3648 

.4452 

.348 

380 

2/0’i 

0 

12 50 

.3064 

3065 

.3249 

.3964 

.324 

340 

0 

1 

11 25 

.2757 


2893 

3532 

.300 

300 

1 

2 

10 625 

.2604 

.2625 

2576 

.3147 

.276 

.284 1 

2 

3 

1000 

.2451 

.2437 

2294 

2804 

.252 

259 

3 

4 

9 375 

2296 

2253 

2043 

.250 

232 

238 

4 

5 

8 75 

2145 

.2070 

.1819 

.2225 

.212 

220 

5 

6 

8125 

1991 

.1920 

.1620 

.1981 

.192 

203 

6 

7 

750 

.1638 

.1770 

.1443 

.1764 

.176 

180 

7 

8 

6 875 

1685 

1620 

1285 

.1570 

.160 

.165 

8 

9 

6 25 

1532 

1483 

.1144 

.1398 

.144 

.148 

9 

10 

5 625 

1379 

.1350 

.1019 

.1250 

.128 

.134 

10 

11 

500 

.1225 

.1205 

.0907 

1113 

.116 

.120 

11 

12 

4 375 

.1072 

.1055 

.0808 

.0991 

.104 

.109 

12 

13 

3 75 

.0919 

.0915 

.0720 

.0882 

.092 


13 

14 

3 125 

.0766 

.0800 

.0641 

.0785 

.080 

.083 

14 

15 

28125 

.0689 

.0720 

.0571 

.0699 

.072 

.072 

15 

16 

250 

.0613 

.0625 

.0508 

.0625 

.064 

.065 

16 

17 

2 25 

0551 

.0540 

.0453 

.0556 

.056 

.058 1 

17 

18 

200 


.0475 

.0403 

0495 

.048 

.049 1 

18 

19 

1 75 

.0429 

.0410 

.0359 

0440 

040 

042 

19 

20 

1 50 

.0368 

.0348 

.0320 

.0392 

036 

.035 

20 

21 

1 375 

0337 

0318 

.0285 

0349 

.032 

.032 1 

21 

1 27 

1 25 

0306 


.0253 

0313 

028 

028 

22 

23 

1 125 

.0276 

0258 

.022$ 

0278 

.024 

025 

23 

24 

1 00 

0245 

0230 

.0201 

0248 

022 

022 

24 

25 

.875 

.0214 

0204 

.0179 

0220 

020 

020 1 

25 

26 

75 

.0184 

0181 

-0159 

0196 

016 

.018 

26 

27 

6875 

0169 

01 73 

.0142 

0175 

0164 

016 

27 

28 

.625 

.0153 

0162 

0126 

0156 

0148 

.014 

28 

29 

.5625 

.0136 

0150 

0113 

.0139 

0136 

013 

29 

30 

.50 

.0123 . 

.0140 

.0100 

.01 23 

0124 

012 ] 

30 

31 

4375 

.0107 

0132 


.0110 

0116 

010 

31 

32 

.4062 

0100 

0128 


.0098 

0108 

009 

32 

33 

375 

.0092 

.0118 

0071 

0087 

0100 

1 

33 

34 

.3438 

.0084 

0104 

.0063 

0077 



34 

36 

.3125 

.0077 

0095 

.0056 

.0069 

0084 


35 

36 

2812 

0069 


0050 


0076 

.004 

36 

37 

2656 

0065 

0085 

.0045 

0054 

0068 


37 

38 

.25 

0061 

.0080 

.0040 

0048 

0060 


38 

39 

.2344 

.0057" 

0075 

.0035 

0043 

0052 


39 

40 

.2168 


.0070 

.0031 

.0039 

0048 

1 

48 


•U. S. Sundard CaR^ is olTtcially a wei/jhl tcag* fin ounow per sq. ft ) based on irrouuht iron at 4M> lb per 
cu ft. The values ubulated above etve the thicknesa of steel (at 4K9 H lb. per cu. ft.; that will approxi- 
mate the respective weights. The other iraRes are officially thickness Races 
Plates — Over 6" to 48” wide, ^4” and thicker; over 48” wide. • w” and thicker. 

Sheets — 24” to 48” wide, under thick; over 48” wide, under Vi*” ihi^. 

Strip — 23'Vi«" and narrower, under 54" thick. 
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STRUCTURAL 


TAIIES OF CONVEBSlOH FACTORS FOR ENGINEERS 

• 

Data are arranged alphabetically. 

I'niess designated otherwise, the English measures of 
capacity arc tiiose used in the Enited States, and the units 
of weight and mass are avoirdupois units. 

The tcord ndlhn, used in any conversion factor, detig- 
ncites the U. S. gallon. To convert info the Imperial gallon, 
multiply the U. S. gallon by 0.83S67. Likewise, the word 
ton desionates a short ton, S,000 pounds. 

The figures 10-\ 10-’, 10-’, etc. denote 0.1, 0.01, 0.001, 
etc. respective!}'. 

The figures 10*. lO*. lO*. etc. denote 10, 100, 1000, etc. 
respectively. 

With respect to the properties of water. It freezes at 
32* F., and is at its maximum density at 39.2®F. In the 
conversion factors given below using the properties of 
water, calculations are based on water at 39.2® F. in vacuo, 
weighing 62.427 pounds per cubic foot, or 8,345 pounds 
per U. S. gallon. 

^‘Parts Per Million/* designated as P.P.M., is always by 
weight and is simply a more convenient method of express- 
ing concentration, either dissolved or undissolved material. 
Usually P.P.M. is used where percentage would be so 
small as to necessitate several ciphers after the decimal 
point, as one part per million is equal to 0.0001 per cent. 

As used in the Sanitary field, P.P.M. represents the 
number of pounds of dry solids contained in one million 
pounds of water, including solids. In this field, one part 
per million may be expressed as 8.345 pounds of dry solids 
to one million U. S. gallons of w’ater. In the Metric system, 
one part per million may be expressed as one gram of dry 
solids to one million grams of water, or one milligram 
per liter. 

In arriving at parts per million by means of pounds per 
million gallons or milligrams per liter, it may be mentioned 
that the density of the solution or suspension has been neg- 
lected and if this is appreciably different from unity, the 
results are slightly in error. 


Multiply 
Acres. . . 


Acre-feet 

€ C 


Atmo^heres 


BarreU-oiJ 

“ -cement 

Bags or sacks-cement 
Board-feet 

British Thermal Units 


B.T-U./min 

“ / “ 

“ / “ 

* / “ 

Centares (Cenliares) . . 

Centigrams 

C^tiliters 

Ccnliraeters 




Centimtrs. of mercury 


By To Obtain 

43,560 Square feet 

4047 Square meters 

1.562xr0-*. .Square miles 
4840 Square yards 

43,560 Cubic feet 

325.851 . . . .Gallons 

1233.49 .. .. Cubic meters 

76.0 Cms. of mercury 

29.92 Inches of mercury 

33.90 Feet of water 

10,333 Kgs./sq. meter 

14.70 Lbs./sq. inch 

1-058 Tons/sq. ft. 

42 Gallons-oil 

376 Pounds-cement 

Poimds-cement 

144 sq, in. x 
1 in Cubic inches 

.0.2520 Kilogram-calories 

777.5 Foot-lbs. 

3.927x10-^. . Horse-power^hrs. 

.5 Kilogram-meters 

2.928-xlO-^. . KUowatt-hrs, 

12.96 Foot-lbs./sec. 

0.02356 .... Horse-power 
0.01757. , . .Kilowatts 
17.57 WatU 

1 Square meters 

0.01 Grams 

0 01 Liters 

0 3937 Inches 

0 01 Meters 

10 Millimeters 

.0.01316. . . .Atmospheres 

0.4461 Feet of water 

1^ 0 Kgs./sq. meter 

27.85 Lbs./^.ft. 

0.1034 Lbfl./sq. inch 


CONVERSION FACTORS- 1 


Jtf iihtjdy By To Obtain 

Ccntimeters/second. . . 1.969 Feet/min. 

“ / “ ...0.03281 Feet/sec. 

Centimeters/second . .0,036 Kilometcrs/hr. 

“ / “ ...0.6 Meters/min. 

“ / “ ...0.02237 Miles/hr. 

“ / “ ...3.728x10-*. .Miles/min. 

Chain (Gunters) 66 Feet 

Cma./scc./sec 0.03281 Fcet/sec./sec. 

Cubic centimeters. . . .8.531x10-®. .Cubic feet 
“ " ... .6.102x10-2. .Cubic inches 

® “ .... 10-® Cubic meters 

“ “ 1.308x10-®. Cubic yards 

“ “ ....2.642x10-*. Gallons 

“ “ ....10.® Liters 

“ “ ,...2.113x10-®. .PinUfliq.) 

“ “ ....1.057x10-®. .Quarts (liq.) 

Cubic feet 2.832x10*. .. Cubic cms. 

“ “ 1728 Cubic inches 

** “ 0.028S2. .. .Cubic meters 

“ “ 0.03704. .Cubic yards 

“ “ 7. 48052.... Gallons 

“ “ 28.32 Liters 

“ “ 59.84 Pints (liq.) 

“ “ 29.92 Quarts (liq.) 

Cubic feet/minute. .. .472.0 Cubic cras./sec, 

“ “ / “ ....0.1247 Gallons/sec. 

“ / “ ....0.4720 LitcrsAsec. 

“ « / ft .62.43. . . .Pounds of water/min 

Cubic feel/second 0.646317. . .Million gals./day 

“ “ / “ .... 448.831.... Gallons/min. 

“ 13.8/sq. mi. drainage area 

...Inches/year 

Cubic inches 16.39 Cubic centimeters 

“ “ 5.787x10-*.. Cubic feet 

“ “ 1.639x10-5, .Cubic meters 

“ “ 2.143x10-5. .Cubic yards 

“ “ 4. 329x10-®. .Gallons 

* “ 1.639x10-®. Liters 

* “ 0.03463.... Pints (liq.) 

« “ 0.01732..., Quarts (liq.) 

Cubic meters 10® Cubic centimeters 

“ 35.31 Cubic feet 

* “ 61.023 Cubic inches 

1 .308 Cubic yards 

“ “ 264.2 Gallons 

Cubic meters 10® . Liters 

“ “ 2113 Pints (liq.) 

" ** 1057 Quarts (liq.) 

Cubic yards 7.646x105. . . Cubic centimeters 

“ “ 27 Cubic feet 

* 46,656 Cubic inches 

0.7646 Cubic meters 

“ 202.0 Gallons 

“ “ 764.6 Liters 

“ ;; ^016 Pints (liq.) 

807.9 Quarts (liq .) 

Cubic yards/min 0.45 Cubic feet/sec. 

! “ / “ 3.367 Gallons/sec. 


" “ / - .. 

. . .12.74. . . 

. . . Liters/sec 

Decigrams 

. -.0.1 

. .Grams 

Deciliters. . . 

. ..0.1 

. . . Liters 

Decimeters 

-■■0.1.,.,. 

. . . Meters 

Degrees (angle) . . . 

...60 

... Minutes 

U U 

R G • 

.. .0.01745. 

. . . Radians 

u u 

6 R F 

...3600.... 

. . . Seconds 




Degrees/scc 0.01745 Radians/sec. 

** / “ 0.1667 Ilevolutions/min. 

f 0.002778. . .Revolutions/sec. 

Dekagrams 10 Grams 

Dekaliters 10 Liters 

Dekameters 10 Meters 

27.34375. . .Grains 

0.0625 Ounces 

“ 1.771845. . .Grams 

Fathoms 6 Feet 

30 . 48 Centimeters 

12 Inches 

^ 0.3048 Meters 

1/3 Yards 


Multiply 
Feet of water 


a 


a 


a 


To Obtain 

0.02950. . . .Atmospheres 

Inches of mercury 

X, ^ Kgs./sq.raeter 

Lbs./sqit. 

0.4335 Lbs. /sq. inch 

0-5080 Centimeters/sec. 

a u 0.01607. . . .Feet/sec. 

u , u • * ■^'•<5nieters/hr. 

« / 0-3048 Meters/min. 

/ 0.01136. . ..MUes/hr. 

30-„48 Centimeters/sec. 

u , u 1-097 Kilometers/hr. 

U / 0.5921 Knots 

u , u 18 29 Meters/min. 

„ / 0.6818 MUes/hr. 

^ 0.01136. . . .Miles/min. 

F^t/^ /sec .... ^^48^ Cms./secVsec. 

, ^ ^ , 0.3048 Meters/sec./scc. 


MuUipty By To Obtain 

Gallons, Imperial. 1 .20095 U.S. gallons 

U.S 0.83267. , ..Imperial gallons 

Gallons water. . . . 8.3453 Pounds of water 

Gallons/rain 2.228x10-5. .Cubic feet/sec. 

/ "^ 0.06308. . . .Liters/sec. 

“ /" 8.0208 Cu.ft./hr. 

/ ** 8.0208 Overflow rate (ft. /hr.) 


(I 




H 


U 




a 


(I 


u 


u 


ii 


a 


Gallons water/min 
Grains (troy). . . . 


Area (sq. ft.) 


U 


U 


8 0086 Tons water/24 hrs. 

L Grains (avoir.) 

0.06480. , . .Grama 
0.04167. . . .Pennyweights (troy) 
2. 0833x10-5. Ounces (troy) 

17.118 Parts/million 

/U.S. gal.. . 142.86 Lbs. /million gal. 

/Imp. gal... 14.286 Parts/million 


U 


a 


u 


Grains/U.S. gnl. 


a 


u 


44 


li 


a 


Fcwt-pounds 1-286x10-5. .British Thermal Units^*"^™® I>y 


Foot-pounds/min. 

“ u ! u 

u U J u 

« a i u 

a a I a 

Foot-pounds/sec. . 

« /a 

a / « : 


u 


a 


u 


5.050x10-'^. .Horse-power-brs. 
3.241x10-*. .Kilogram-calories 

0.1383 Kilogram-meters 

3.766x10-^. .Kilowatt-hrs 
1.286x10-3. .B.T. Units/min. 
0.01607. . . .Foot-pounds/sec. 
3.030xlO-3_ .Horse-power 
3.241x10-*. .Kg.-calories/min. 
2.200x10-5. .Kilowatts 

7.717x10-2, .B. T. Units/min. 
1.818x10-3. .Horse-power 
1.945x10-2. . Kg.-calories/ min , 
1.350x10-3, .Kilowatts 

3785 Cubic centimeters 

0-1337 Cubic feet 

281 Cubic inches 

3.785x10-3. .Cubic meters 
4.951x10-3. .Cubic yards 

3.785 Liters 

8 Pints (liq.) 

^ Quarts (liq.) 

9.678x10-5, . Atraospheres 
3.281x10-3. .Feet of water 
2.896x10-3. . Inches of mercurv 

0-2048 Lbs./sq. foot 

1.422x10-3. .Lbs./sq. inch 
Kgs /sq. miUimetet 10« Kgs./sq. meter 


Des 


a 


a 


Gallons 

U 


15.43 Grains 

-• 10-3 Kilograms 

10* Milligrams 

. . 0,03527 . . . .Ounces 

0.03215. . . .Ounces (troy) 

“ 2.205x10-3.. Pounds 

Grams/cm 5.600x10-3. .Pound.s/ioch 

Grams/cu. cm 62.43 Pounds/cubic foot 

/“ “ ... 0.03613 .... Pounds/cubic inch 

58.417 Grains/gal. 

■ ■ ■ 8.345 Pounds/lOOO gals. 

. . 0 062427. . . Pounds/cubic foot 

■ ■ 1000 Parts/million 

Hectares 2.471 Acres 

I fl76xl05. . .Square feet 

Hectograms 100 Grams 

Hectoliters 100 Liters 

Hectometers 100 Meters 

Hectowatts....... 100 Watts 

Liters/m'm 5.880x10-*. .Cubic ft.-sec 

“ /“ 4.403x10-3. .Ga1s.-/8ee. 

Lumber Width (in.) x 
Thickness (in.). .. .Length (ft). Board Feet 


a 


a 


a 


MulUply By 

Horse-power 42 44 

. .33.000 

. .550 

. . 1-014. . 
-.10.70. . . 

. .0.7457. . 

- - -745.7. . . 

llorse-power ( boiler) . 33.479 
“ “ “ ,.9.803... 

Horse-power-hours. . ,2547 

. . 1.98x106. 

. .641.7. 
.2.737x105 
.0.7457. . . 

. .2.540 

. 0.03342. . 
.. 1.133 - . 

345.3. . . 

. .70.73 
0,4912 . 

Inches of water 0,002458, 

0 07355 . . 

25.40, . . 

■ 0.5781 . , , 

. 5.202 .... 
0,0.3613, , 

so. mi. 

/yea: 


u 


it 


u 


Inches 

Inches of mercury 


U 


tl 


U 


fl 


H 


U 


u 


tl 


u 


u 


4i 




u 


H 


H 


U 


a 


it 


a 


u 


ti 


13.8 

Kilograms 980.665, 

“ 2.205 


To Obtain 

B-T. Uuits/min. 
Foot-lbs. /min. 
Foot-lb.s./sec, 
Horse-power (mt'tric 
Kg.-calories/min. 
Kilowatts 
Watts 

B.T.U./hr. 

Kilowatts 

British Thermal Unit 

Fool-ibs. 

Kilogram-calories 

Kilogram-meters 

Kilowatt-hours 

Centimeters 

Atmospheres 
Feet of water 
Kgs./sq. meter 
Lbs./.sf}. ft. 

Lbs./sq. inch 

Atmospheres 
Inches of mercury 
Kgs./sq. meter 
Oiinces/sq inch 
Lbs./sq. foot 
Lbs./sq. inch 

< ’ll. i’t. / st‘c. 


II 


II 


Kilograms-calories 


»4 


14 


(« 


Kiloliters 
Kilometers 


Kilometers/ht 
“ /“ 

“ /“ 

“ /“ 


U 


II 


II 


11 


u 


f u 


Kms./hr./sec. 

- /« / V 

“ / VV 

Kilowatts .... 


U 


ii 


Kilowatt*hours 

tt a 


u 


u 


Link (Gunters) 

Liters 


a 


U 


u 


103 Liters 

105 Centimeters 

3281 Feet 

103 Meters 

0.6214 Miles 

1094 Yards 

27.78 Centimeters/sec. 

54.68 Feet/min. 

0.9113 Feet/sec. 

0,5396 Knots 

16.67 Meters/min. 

0.6214 MUes/hr. 

27-78 Cms./sec./sec. 

0.9113 Ft. /sec. /sec. 

0- 2778 Meters/sec./scc. 

^6.92 B.T. Units/min. 

4.425x10*. . . Foot-lbs. /min. 

737 .6 Foot-lbs. /sec. 

1- 341 Horse-power 

1^-34 Kg.-calories/min. 

103 Watts 

3415 British Thermal LnitsI Miies/hr. . 

2.655x106. ..Foot-lbs. 

1- 341 Horse-power-hrs. 

860.5 Kilogram-calories 

3.671x105. , Kilogram-meters 

^8 Feet 

103 Cubic centimeters 

0.03531. . ..Cubic feet 

61 -02 Cubic inches 

10-3 Cubic meters 

1.308x10-3. .Cubic yards 
0.2642 Gallons 

2- 113 Pints (liq.) 

L057 Quarts (liq.) 


12 

Meters 100 

“ 3.281, ... 

“ 39 37 Inches 

10-3 .. 

** 103 Millimeters 

“ 1.094 Yards 


Centimeters 

Feet 


. Kilometers 


Dynes 
Lhs. 

1.102,>:10-3 Tons (short) 
iO^. Grams 

British Thermal U 
3086 Foot-pounds 

1.558\ 10-3 Ilorse-power-hours 
1.162x10-3 Kilowatt-hours 
KUogram-c.alorie.s/„iin 51 .43 Foot-pouaiis/sec. 

/ ‘ 0,U9351 Horse-power 
/ “ 0.06972. Kilowatts 

Kgs./meter 0.67i0. . . Lbs./foot 

O.I. Centimelers 

0.03937. Inches 

Milligrams/liter . , . 1 . . . 

Million gals. /day 1.54723. 

Miner’s inches . 


<4 


«« 


44 


44 


«| 


I \ 


Meters/min 1.667 Centimeters/sec. 

/ “ 3.281.- Feet/min. 

/ “ 0.05468 Feet/sec. 

/ “ 0.06 Kilometers/hr. 

/ “ 0.03728 Miles/hr. 

Meters/sec 196.8 Feet/min. 

“ / “ 3.281 Feet/sec. 


. . 1.5 

Minutes (angle) 2.909x10-* 

Ounces 16 

1 437.5 

0.062.> 

28.349527 

0.9115. 


Ounces, troy 


miUioD 
.Cubic ft. /sec. 
. Cubic ft. /min 
Radians 
Drams 
. Grains 
Pounds 
Grams 

-Ounces (troy) 
2.790x10-5. .Tons (long) 
2.835x10-5 Trtna 


/ 

! II 

0.06 

. rxiioineiers/or. 

. Kilometers/min. 

‘ / “ 

. . - .2.237 . . . 

. Miles/hr. 

a ! kk 

0.03728... 

. Miles/min. 

Microns 

.10-6 

. Meters 

Miles 

1.609x105, 

.Centimeters 

II 

.7280 

. Feet 

11 

1.609. . . 

. Kilometers 

II 

1760 

. Yards 

Miles/hr 

44.70. . . , 

. Cenlimeters/sec. 

44 / 44 

.... 88 

. Feet/min. 

14 y ll 

J i * A 

. . 1 467 . . 

. Feet/sec. 

“ / “ - - . 
i J 

.1.609 , 

. Kilometers/hr. 

11/41 X 

. . .0.8684 . 

K nots 

“ / “ 

26.82. . . 

. Meters/min. 

Vliles/iuln 

4t 4 d 

2682 

. Centimeters/sei‘. 

1* / *4 

88 

. Feet/sec. 

II / 41 

/ # ♦ • • 

1.609 . 

. Kilometers/miu. 

II / 11 

60 

. Miles/hr. 

Milhers 

.103 

. Kilograms 

MilJigrams 

10-3 

Grama 

MiUUiters 

10-3 

. .Liters 


835x10-5. .Tons (metric) 

■ "480 Grams 

20 . Pennyweights Urov) 

• 0.08333 .Pounds (troy) 

■ 31 , 103481 .. . Grams 
1.09714. . . , Ounces, avoir. 

I -805 Cubic inches 

0.02957 . .Liters 
.0.0625 . 

Oversow rate (ft /hr ) 0.12468 x 

1 area (sq.ft.) Gals./mm. 

8-0208 Sq. ft. /gal 


Ounces (fluid) 

U 

Ounces/sq. inch 


• Lbs./sq. inch 


rnin. 


U 


u 


^c/<7p/ec^ /ro/ry Tcfb/cx 


'O/' 


Overflow rate (ft. /hr.) 

Parts/million 0.0584 Grams/ U.S gal 

a , « 0.07016 . .Grains/lmp. gal. 

„ ' . , 8.345 Lbs /million gal. 

Pennyweights (troy), ,24 Grains 

^ -I -55517 . . . .Grams 

■ 9.05 Ounces (trov) 

^ , “ 4.1667x10.3, Pounds (tro'y) 

16 Ounces 

u 256. .... Drams 

7000 Grains 

y 0.0005. Tons (short) 

u 453.5924 , Grams 

u I -21528 . Pounds (troy) 

14.5833, . , .Ounces (troy) 

r/?c Co, 
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STRUCTURAL 


CONVERSION FACTORS-S 


MvUipiy ity ^0 Obtain 

Pound* (troy) 5760 GraiM 

« " £40 Pennyweight* (I royj 

“ « 12 Ounces (troy) 

“ “ . .373. iM177. Grams 

«• “ 0.824867. . . Pounds (avoir ) 

“ 13.1657 ... Ounces (avoir.) 

“ “ .... .3.6735k 10‘*. Tons (long) 

“ “ 4. 11 43x1 0-^ . Tons (short) 

“ “ 3.7324x10-*. Tons (metric) 

Founds of water 0.01602 . . . . Cubic feet 

“ “ “ 27 .68 Cubic inches 

“ - “ 0.1108 Gallons 

Pounds of water/min.. 2.670x10-*. .Cubic ft./sec. 

Pounds/cubic foot .. .0.01602. . . Grams/cubic cm. 

“ / a « .16.02 Kgs./cubic meter 

“ ^ « M . .5.787x10-*. .Lbs-./cubic inch 

Pounds/cubic inch. . .27.68 Grams/cubic cm. 

“ / “ “ . . .2.768x10*. . .Kgs./cubic meter 

“ / “ “ . . . 1728 Lbs ./cubic foot 

Pound.s/foot 1 .488 Kgs./meter 

Pounds/iiich 178.6 Grams/cm. 

Pounds/sT]. foot 0.01602 .... Feet of water 

“ / “ “ 4.883 Kgs. /sq. meter 

“ / “ ** 6.945x10-^. .Pounds/sq. inch 

Pounds/s<|. inch 0.06804. . . .Atmospheres 

“ / " " 2.307 Feet of water 

“ / " “ 2.036 Inches of mercury 

“ / ‘' “ . . . . .703.1 Kgs./sq. meter 

(Quadrants (angle). . ,90 Degrees 

“ “ 5400 Minutes 

“ ... 1.571 Radians 

Quarts (dry) 67.20 Cubic inches 

(Quarts (iin.) 57.75 Cubic inches 


Pounds/cubic inch. 


Quarts (dry) . . , . 
Quarts (iiq.) - . . 


Quintal, Argentine . . . 101 .28 Pounds 

“ Brazil 129.54 Pounds 

“ Castile, Peru. 101 .43 Pounds 

“ Chile 101.41 Pounds 

“ Mexico 101.47 Pounds 

“ Metric 220.46 Pounds 

Square inches 6.452 Square centimeters 

6.944x10-*. . Square feet 

“ “ 645.2 Square millimeters 

Square kilometers. . . .247.1 Acres 

“ “ .... 10.76x10*. . .Square feet 

“ “ ....10*; Square meters 

“ “ ... .0.3861 Square miles 

“ “ .... 1 .196x10*. . .Square yards 

Square meters 2.471x10-*. .Acres 

** ** 10.76 Square feet 

" “ T .3.861x10-^. .Square miles 

** ** 1.196 Square yards 

Square miles 640 Acres 

“ “ 27.88x10*... Square feet 

“ “ 2.590 Square kilometers 

“ 3.098x10*. . .Square yards 

Square millimeters.. . .0.01 Square centimeters 

“ . 1.550x10-*. .Square inches 

Square yards 2.066x10-*. .Acres 

„ „ Square feet 

. ^ 0.8361 ^uare meters 

3-228x10-*^. .Square miles 

Temp. (»C.)+ *78. . .1 Ab*. temp. CC.) 

. ® Temp. (-F.) 

„ (F)+ 460...1 Ab«. Ump. (°F.) 

St. . .6/9 Temp. (“C.) 

Tons (long) 1016 Kilo gnin.. 

„ ^ Pounds 

1 -12000 .... Tons (short) 

Tons (metric) 10* KUogimm. 

2205 Pounds 

■^on.s (abort) 2000 Pounds 

“ « 32000 Ounces 

“ 807.18486... Kilograms 


Bp To Obtain 

Quires 26 Sheets 

Radians 57.30 Degrees 

“ 3438 Minutes 

" 0.637 Quadrants 

Radians/sec 67 .30 Dcgrccs/sec . 

“ / * 0.1692 Revolutions/sec. 

“ / “ ..0.649 Revolutions/min . 

Radians/sec./sec 673.0 RevolutionVuun/miii 

* / “ / “ 0.1592 Revolutions/sec./sec. 

Reams 600 Sheets 

Revolutions 360 Degrees 

* 4 Quadrants 

“ 0.283 Radians 

Revolutions/min 6 Degrees/sec. 

“ / “ 0.1047 Radians/scc. 

" / “ 0.01667. . . .Revolutions/sec. 

Revolutions/min./min. 1.746x10-*. . Rads./sec./sec. 

" / “ / “ 2.778x10-*. .Revs./sec./sec. 

Revolutions/s^c 360 Dcgrees/sec. 

“ / “ 6.283 Radians/sec. 

“ / “ 60 Revolutions/min. 

Revolutions/scc./sec . .6.283 Radians/scc./sec. 

“ / “^ / “ .3600 Revofutions/rain/oun. 

Rods 16.6 Feet 

Seconds (angle) 4.848x10-*. .Radians 

Square centimeters. . 1-076x10**. .Square feet 

“ “ ....0.1550 Square! nches 

“ “ . • . 10-* Square meters 

“ “ 100 Square millimeters 

Square Chains 

( Gunters ) 16 Square rods 

Square feet 2.296x10-5. .Acres 

“ “ 920.0 Square centimeters 

“ 144 Square inches 

“ “ 0.09290. .. .Square meters 

“ “ 8.587x10-®. .Square miles 

“ “ 1/9 Square yards 


Sq. ft./gal./min. 


8.0208 Overflowrate (ft./hr.) 


Tons (short) 2430.66. . . .Pounds (troy) 

* • 0.89287. .. .Tons (long) 

“ “ *.29)66.66. . .Ounces (troy) 

“ " 0.90718 .... Tons (metric) 

1 Area 

(sq.ft.) Sq.ft./toD/24 hrs. 

Tons dry solids/24 hrs. 

Tons of water/24 hrs., 83.333 Pounds water/hour 

* * “ / “ . . 0.10643. .. .Galloos/min. 

* “ “ / ■ - 1.3349 Cu. ft./hr. 

Watts 0.06692. . . .B. T. Units/min. 

44.26 Foot-pounds/min. 

“ 0.7376 Foot-pounds/sec. 

* 1.341x10-*. .Horse-power 

* 0.01434. . . .Kg.-calories/min. 

“ 10-® Kilowatts 

Watt-hours 3.416 British Thermal Units 

** 2666 Foot-pounds 

1.341x10-*. .Horse-power-hours 

* 0 .8605 Kilogram-calories 

367.1 Kilogram-meters 

10-® Kilowatt-hours 

Yards 91 .44 Centimeters 

‘ Feet 

36 In^ea 

0.9144 Meters 


Ayc7/3/e><y TcrA/es- o/“ C‘onverT/or> /^erc/ors- 


COMCR£TE 


lb. per. sq. in. at 2d days 


^SIGN DRAWINGS: 

Concrete shall develop a strength of __ 

In two-way slabs place short span bars in bottom layer. 

Concrete beams to have 8 in. bearing on walls unless otherwise noted. 

Metal tile joists to have not less than 6 in, bearing on walls. 

Clay tile joists to have 6 in. bearing on walls. 

Solid slabs to have 4 in, bearing on walls. 

Brick piasters in tile back-up wall, required for bear.n, to be bonPeo ,nto adjoin. .aconrj. 
Steel beam, carrying chimneyc or other masonry to be fireproofed with stone concrete 

co:'::r?r:r2‘^r?!r:Xfr:g: ^ mtenor stee, 

(See specifications for instructions to detailers.) 

WORKIN G DRAWINGS ! (Include in specification.) 

Concrete shall develop a strength of_ 

Follow A.C, I. rules as to stirrups, column ties, and anchorages. Design is based on 
piges l-orInd“-29 anchorages must be carried out accordingly, unless otherwise 


lb. per. sq. in. at 28 days.* 


I 


C . 


Oe ta i Is 


shown. (Sec 


weror^ookro!LlCgIs“excep!°as^"th;rwise 

Prov Ide 


wise shown. ''' ®" “'='="'"9== in bearing walls unless other- 

« »■ '»"» .. 

Metal tile joists to be 25 In. o.c. except as shown. Steel shown in slab schedules is per joist. 
pa!-°a’l‘’l 'e? to^ ofsVs ^ t>'P‘':al each side of concrete beams 

to show tee flanges on beams of sufficient width and thickness to develop full 


Where joists run 
at right ang I es to 

Work I ng draw i ngs 
strength of steel. 


w,th top steel for sect 


ons where 


no stirrups are called for. 
stLToccuf^^^^ *"■ to fasten stirrups where no top 

"'tal tile and 

o.J;?;:" “.:r *“' •" -i... 

Provide 3/8 in. round rods 12 in. o.c. extending into slab 2 ft. each side of beam 
slabs are parallel to beams. Where slab occurs on one side only provide 6 in. hook. 


where sol id 


*11 negative moment rods to extend to quarter points of spans. 


1 1* to O^i worktOQ 
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STRUCTURAL 


GENERAL 


NOTES - 2 


At end* of noncont i nuous beaws provide anchor bar* in top of beam. Anchors to be equivalent to 1/3 of 
main reinforcement but not less than 2-3/4 In. round by 4 ft, long unless noted. 

Steel tars In noncont Inuous beams to be provided with hooks where required by A. C. I ■ code. (Sec page 
l-2b. ) 

At supports of continuous beams extend bottom bars beyond center of support as shown on detail and as 
required for anchorage In accordance with A.C.I. code. Where 3 bars occur lap 2 bars fro* each side. 

STEEL 

DESIGN DRAWINGS : 

AM lintels shall have b in, minimum bearing each side unless otherwise noted. 

Steel joists to have not less than 6 in, bearing on walls. 

Where steel joists span more than 14 ft, provide safety headers of approved type. 


Al I rivets to be 


diameter unless otherwise noted, (Include on shop drawings.) 


Provide standard tearing plates and government anchors for all steel beams resting on masonry except 
as otherwise shown. 

Double steel beams and girders to be provided with pipe separators. 

Provide soffit or mesh reinforcement for all steel beams and other members which are fireproofed with 
stone concrete. 

Fireproofing thicknesses shall be as follows: Beams , columns • 

WOOD 

construction DRAWINGS : 

All wood shall be (give species and stress grade). 

Provide l-f/4 in, by 2 in, cross bridging not over 6 ft, o.c, for all wood joists. 

Where wood joists frame into or rest on top of steel beams, provide 1-1/2 by 3/lfa in. steel strap an- 
chors spiked to wood joists and hooked over flange of beam at every third joist on each side of beam. 

Where wood joists rest on masonry provide metal anchors at maximum intervals of 4 ft, o.c. having a 
ninirum cross section l/u by 1-1/4 in. by minimum length of 16 in. securely fastened to joist and built 
into masonry with split or upset ends. Where joists are parallel to walls provide similar anchors at 
maximum spacing of bft., engaging 3 joists. 

Bolts and ring connectors shall be retightened periodically during process of seasoning. 

Provide standard beam hangers for the beams framed into girders except as shown, 

FOUNDATIONS 


DESIGN DRAWINGS: 


Foundations designed for 


tons per sq. ft, (check soil In field). 


All concrete shall develop a strength of 


at 28 days, or as specified. 


No backfilling against foundation walls to be done until after superstructure is in place. 

Where reinforced mat slab, are erected and ground water pressure is likely to occur relief holes 
should be left to relieve water pressure until approved by Engineer. * 

WORKING DRAWINGS : (Include in specification.) 

Stone concrete shall develop a strength of lb. per sg. In. at 23 days.* 

hall footing* to be stepped where elevation changes I vertical to 2 horizontal. 

All tars in footing, to be hooked. Size of hook to be In accordance with A C l ro 
p«9« 1-39.) uontt Wiin A,t, I, requirements, (Sec 

Provide 6-1/2 In, round rods continuous in top of all ^i, 

shown. Lap 4b diameters and bend around corners. ^ except as otherwise 

Provide 2-1/2 In. round rods continuous In top of all interior concrete walls. 

All wall pier footings shaM be 12 in. thick and project 6 In. beyond all faces nf un l i . 
and stacks, except as noted. ^ ^ taces of walls, piers, 

Pro.I.e !-3/. i„. r..n. 

Provide pockets in walls for all concrete beams and slabs at first floor. 

This note to be placed on working drawings. 


requirements, (See 
except as otherwise 


l?l '6 


t4 


Lintel 


High chairs under 
o/i bent bars. 

T ^-aeon 


/ 


±_ Sp on ~B ' 

2 '- O ' 


.X 


J Span 
2’-0" 






Beni bars 5 tcg<,erecf Over sup^rfs-^ 


^ * C/ear 


[■ d SponlA" 


B or Spacer supports 
not over 5'0* o.c. 

ot nan'ContmuOus ends. 

— - Bp an 


+ 


Temp bars ' fe v 
Lop splices /'- 6 ' 

i 5pon W 


fz^ Cfeor. 


on 'B 


- . Span S' 


non -continuous bars from odjocenf span 

r.Zej-of^re °rZo 4 vPir/rr"SrT 

suppers on bofP s/i/es; onp%-^ j^^f/S^f ft! foo oTifnht^'~S n^nfrreemen? runs poroJJe/ 
openings where s/obs frorPe ioro/te/ fo sapporfs. supports wh/ch ore odjo^nf /d 

.^^/gETAlLS OF TYPICAL SLABS. 


2" Cfeor 


m 

kcS-i:’ 

r A !• < 3i 


Par r’i^<T^o/to^Or' ' ^ ‘ ' 

^or fc \qheafer than\B, 0 OO psu. tap 24 d/a 
her q Jess Jhan 3,000p.s i JapS2d/'a. 

Hnchar bars. iL'r/ 

/ 2 C/e or ^ I 

Slob 




1 1 
>spocL 


T 

A 

iLez 

_ J. 


Co/umn ties. 

Construction Joint. 

bars. 


CO fled for ^ 


dor choirs 


\Lojp as ca//ed_for 


CASE I. 
NonContinuoos 
Enos Of Beams. 


CASE U. 

PoStTlVC 

Re/nforcemcnt 
In Continuous 
Construction] 


DETAILS OF TYPICAL COLUMNS AND BEAMS 

fig. A - CONCRETE DET Ail .S 

TABLE B- ANCHORAGE REQUIREMENTS^. 


ORDINARY ANCHORAGE. 


%^JeR y p<^/t/ye re/nforcement 

[L_ : shat/ ex/end /2 or more bar 

d/ometers into supporf, or 


SPECIAL ANCHORAGE. 


THANtbt if bars extend tess than 
P ^ / 2 d/ometers /hto support- 

=La proi//de st^anddrd hooks. 


T/o spec/'a/ anchorage can 
be cteye/oped /n the ends o 
unrestrained beams. 


See Core 


Col 


oCposi/j'^'e reinforcement 
tijUfA Bbo/t extend /O or more bar 
ofzo^cR diameters /hto supports^ or 

b~). if 4 oC positive reinforce - 


See Care HE 

^fAM 


COL 


men/ er/ends /ess /don . - 

/n/o suppor/ - 

'~b’ prodde s/ondord hooks. 


COL 


/t// posi/t'^e re/h/breement 
sAo// be /erm/no fed w//b o 
s/andard /Joo/r in a Com - 
press/on reg/on. 


CASE nr 
Negative 

Reinforcement 
In Continuous 

Constboction 


( 'a ').Ex/end no ionger need 
TtNiio^foMp. ed bars o/ /eos/ !Z bar 

diome/ers yyond pojn/'O, 

Cb"J. Pro x'/de ^s/ondord books 

pec/ond po/n/ "OEor 

("C"J. Send /he no f needed 
bars across /he coeb a/ an 
qno/e, nof /ess /hon iSJ 

/n/o reg/on oP compress/on 
and e//ner make con//n ■ 
oous ca/fh pasif/ fe rein - 
for cemen/ or /erm /no fe 
U///h a s/anc/and />ook. 


TfA/S/OM 


^O'-^ihint 

iuhere hors 

ore no ionger 
heeded m 
resist stress 


comp 


'O’- 


(a J. /tii negative bars shot/ be 

terminated u/tth a stand- 

.L and hooA in compress ion 

ft- rec/on , or 

I ( ( btSend the not needed 

I uu (Hajgj hors across the u/eb at an 

anp/e, not /ess than /5; 
info region of compression 
end mo/(e cont/huous 
u/ith post t/xe reinforce- 
ment 


^/n accordance M//fh A.CJ. code - /94h 


STRUCTURAL 


CONCRETE 


APPROX. DATA ON CONCRETE MIXES 


TABLE A. WATER-CEMENT RATIO (W/C) FOR VARIOUS STRENGTHS* 


Water 

Content 

W/C Ratio 

W/C Ratio 

Strength of 

Concrete 

Ga 1 1 ons oer 

Cu. ft. 

by Absolute 

by 

at 28 Days 

Sack of Cement 

per Sack 

Vol ume 

weight 

Compress ive 

Flexural 

5 Max . 

0.668 

1 .38 

0.444 

5000 p . 5 . i . 

750 p.s.i 

6 Max , 

0.802 

t .66 

0.533 

4000 p.s. i . 

600 p.s.i 

7 Max. 

0.936 

1 .93 

0.621 

3200 p.s. i . 

500 p.s.i 

8 Max . 

1 .069 

2.21 

0.710 

2500 p.s. i . 

450 p.s.i 


Note: W/C ratio should be deterrrined by trial irixes when practicable. 

To allow for field conditions the values shown in table should be reduced by about 20%. 

* Joint Coffwittee and P.R.A. 


TABLE B. RECOMMENDED CONSISTENCY OR SLUMP OF CONCRETE 


Type of Structure 


Slunp in Inches 
Max. Min 


Reinforced foundation walls and footings . 
Plain footings and sub-structure walls ... 
Slabs, beams, columns and reinforced walls 
Pavement and mass concrete 


•• P.C.A. 


table C. exposed CONCRETE - MAX. WATER CONTENT IN GALS. PER SACK**' 

Type or Location of Concrete Severe and 


At waterline (intermittent saturation) 

Sea water 

Fresh water 


Hot at waterline but frequent wetting 

Sea water 

Fresh water 


Ordinary exposed structures 

Completely s ubmer ged 

Sea water 

Fresh water 


Concrete deposited through water 

Pavement slabs on ground 

Wear ing slabs 

Base slabs 


Severe and 
Moderate Cl imate 

5- 1/2 
6 

6 

6 - 1/2 
6 - 1/2 

6 - 1/2 

7 

5-1/2 

5- 1/2 

6 - 1/2 


Mild 
Cl imate 

5- 1/2 
6 

6 - 1/2 
7 


6 - 1/2 

7 

5-1/2 


P«'-centage by weight or volume of sand to total aggregate in mix 

h ' 28% and 49i. Host econom”al'mix will ^e 

with lowest sand-aggregate ratio producing desired plasticity, workability and consistency 

Joint Comm i ttee . 


table 0. 

Crushed Stone-Max. li" size 
Crushed Stone-Max. size 


RECOMMENDED PER CENT OF SAND TO TOTAL AGGREGATE 
38 to N2 Gravel - Max.li" size 

**3 to 49 Gravel - Max, size 


36 to 40 
39 to 44 
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CONCRETE 


MISCELLANEOUS REQUIREMENTS OF A.C.I. CODE- 1941 


^ t 


'Cl 


J ^ - r A . ft . « a ’. V . 




^ k , V . ^ ^ A 


* W 4 . .1 


- y ^ 
7.\ 


A' 


Minimum Posii/ye P&inforcemeni}.oosd6. 
Minimum Neg. Reinfbrcemeniy/)05db' 
wPen ou/er end of members ore 

hu/if j/ifegroJ uj/fTi supports. 


beams flc GIRDERS 


I 

[5 b is usuoi/y 

b \ ossumed 12 * wide. 

Main Peinforcemenf: 

Minimum area -.0025 db. 

^meniXoosdt. Mojtimum spa cin g of bars { 5 )~3i 

dyposdd 

bers are Temperature d Shrinkage Reinf: 

arts. Minimum area ~,002db/br ftoors. 

** " ^‘Oo25db for roofs. 

Morimum spacing (5)^ 5 f bat not 

oyer iS'J 

ONE-WAY SLAb- UNIFORM THICKNESS . 

FIG.A- MINIMUM REINFORCEMENT 



Area: 

\yert Rein f 

Deformed dors - .0025 x Cross 
section a / area of tvaii. 
idfre Mesh *.00/8 a Cross 

sectjonoi oreo of yvaii. 
Minimum Sire of Re inf 

Deformed bars : J"^-i8''oc- 
PV/reMesh: ^/Ogage iddtAf. 
Around openings' C-^"^(eAtend 
24“ beyond each corner). 
PVa/is orer /O *fhicA to ho ye 
tufo layers of re/nf ^ to / jof 

tota/reinf in e^ftenor i27ce> 
ba/once in interior face. 

WF\LL5. 


/ , ' 


V ' 


b-b' 



A 'Summetrfca/ T ^Seom. 
b^i Span length of beam. 

or //■ 


B • One -5 idea ‘T '3eom. c - Jso/ofed' T' Se am. 

L if ^ I ^ ^ 


b-b'^/2 Span /engi/i of bsom. 
i)-b'^£b or //' 

FIG. B - -r 5EAMS. 


f^/b' 

b^4b' 



PLAN 

f's 32b 

/-• c/eor span. 

b - /^asi u/idih of 
compression f/onqe. 

FIG.C - L^TER^L 
SUPPORT OF 6E^MS. 


• a I i rrriE.a:> hACTORS FOR ANALYSIS OF CONTINUOUS FRAMES . 

ForCoi-omns; ; For Slabs, Beams and Qihoers: K = ^ 

Where : E= Modulus of Elastic /fg ; /.Moment of Inertia-. h= Unsupported lenqtd of column ■ 
/■-length of span. 

^ ^ L 3 , 0 r*‘ T * I I I I I I I 


/ for a rectangular sect/on - 
I for a square section = 
/ for a circu/an seci/on - 


m. 


12 

nr* ■ 4. 
-r- mr 


2.5 


Sor T of o'T'section see belotu . 


EXAMf»LE : z of a '7~ ’sect/on. 

G/nen : b ^ GO" ; b'^ I?" and d= 24" 
tfequ/red: ro find moment of inertia. 

So/ut/on : A. 5 _ Enter Chart 0/ 4, 
rert/ca/tg to the cur re - read C= /.$ 

/ / 5 jr - 2e, 2G5 inf 


-- 5, go 


- 2G,26S id. 




/.5 


FIG.D- EFFECT OF FLANGE UPON MOMENT 
OF INERTIA OF ‘T" 6EAM5. 

Ae QUIRCMCNTS f or Pipes ; No deduction /n strength need 
s/eeres cunder 2" m d/ometer and spaced Jd/omett. 
no/beJarger than -S fbe th/ckness of s/ab, beam 


1.0 


icxj2 bd^in^ 




.b' 




Ratio of 4/ . 


!0 


J5 


20 


be macte for iron or steei pipes or 
*rs or> centers. Fmbedde^ pipes shoJi 
or woii 
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STRUCTURAL 


CONCRETE 



TWO WAY FLAT SLAB DESIGN -1941 A.C.i. CODE. 

' ' I L I MIT A TIONS FOR USE OF TABLE. 


i L/B = /^of more fhan 1,33. 

Z,5lab continuous over 3 or more 
pane/s in each direction. 

3. The saccessiye span length in each 
direction differs hy not more than 
20 X of the shorter span. 
Compression due to bendina. 


3/4 of the uj/dth of the strip or drop 
pane/ shall be taken as the u/idth 
of the section in computing 
compression. For positive and 
negative moments tension 

reinforcement to be distributed 
over entire strip. 

Thickness of 5 fobs. 


Such as not to exceed unit stresses 
allou/ed but not to be less than 
L/40 luith drop panels or L/JC 
KEY PLAN without drop panels. 

/Vf. = 0.09i)/^L(/-§ifi Mo ’ o.osw* Chear 

ti- Total live ond dead had uni form hi distributed over a singie pane! area, '^hearing stress v on a vertical 
bending MOMENTS IN TWO WAY FLAT SLABS & PANELS. y action ts- IFbeyond the edge of the 



OeSCRIPTION 



INTERIOR PANEL EXTERIOR PANEL. 

MOMENT COEFFICIENT MOMENT COEFFICIENT 


Neg. -0.50 Mo 
Pos. tO.ZOMt 


, Middle strip. 

Neg.- < 

1 

Pos f . 



/ / / / A// ^ -V 

Coiumn Strip. Neg.- 0. 4^ Mo Exterior Neg.-0.4fM» 

Pos. 1 0 . 22 M» Pos. 1 0 ZdMo 

— : . » — Interior Neg. -0.50 Mm 

Middle Strip, NegrO.IOMo Exterior Neg.-OJOM» 

Pcs.fOJGMo Pos. 1 0.20 Mo 

Interior Neg. -0./ 7GM^ 

6CNDING MOMENTS IN PANELS WITH MARGINAL BEAMS OR WALLS. 

iMarginai beam s with Warginof beams with 
depth greater fhan lix slab depth i/x siab thickness 

— ^ fhkhne5 s ; or bearing or /ess. 

(a)Load to be carried by Loads directly superimposed Loads directly superimposed 
marginal beam oruioif. uponitp/us o uniform load upor) it exclusive of any 

eguoi TO one-aaater of the panel load- 

-r—^ T-r—, totai /tve ana dead Done! loai 

ib) Moment to be used in JD/ith INithout WTh ftithout 

the design of half column _ Drop Dro p Droo Drc^o 

strip adjacent and parvilel Neg.- O.ilSMo NegrO.HSM. Neg -o 25 Mo Near Ops M 

mpmenfs are jhou/n for fho cril/ca/ jecfions 

d/sconf/nuou5 edge^here Ihe exfer/orsupporl consisls of 


Neg.- O. 46, M. 

Pos. + 0 . 22 M. 

Neg.- 0.16 M. 
Pos.f 0. 10 Me 


wn 

Pro. 


ft i thou 

Drop 


NegrO.nsM. Neg.- 0.25 Mo Neg.- 0.75 Mo 
Pos.taosSM. Pos. t 0.10 Mo Pos.f O.n Me 


,9^ ihan one 


dead 


<=^i^^ontinuouredQrofThe 

M- .30Mo; and for tne m/dd/e stmp %= - .25 H,. 


Jhearfng unit stress v on a vertical 
sec tion t 2 - /i "beyond the edge of the 
co/umn capita! shall not exceed -. - 
Q-0.03fc when af ieosi SOX of the 
total negative reinforcement passes 
directly^ over the column capita! 
h- O.OZ 5 fc when on/y 25 % or /ess of 
negative reinforcement passes 
d/rect/y over the coiumn capital. 
O’For intermediate percentages 
interpolate for values of v. 

d-Jn computing ^ d shall be 

taken as b-//'. 

e-y on a vertfcai section in a distance 
of ts -//" frorri a drop pane! shall not 
exceed 0.03 fc when d is taken as 
ts'ii*' and at least SOX of negative 
re/nforcement in column strip is 
inside the w/dth af the drop pane/. 
Rein forcem en t. 

The ratio of reinforcement In any strip 
shall not be /ess than 0.0025. bpacing 

of bars shall not exceed 3 time s 

thickness of siab. 

General Notes. 

J. The coeff /dents of the table may be 
varied by no more than G% provided 
the numerical Sum of the t- and ' 
moments remains unchanged 
Z.For columns without a capita! the 
d/stance "c" shall be taken as the 

diameter of the column. 

3.For columns ui/th brackets take c ' 
eaugi to twice the distance from the 
<£ of column to the point where the 
thickness of the bracket is i/i 
4 Panels supported by marg/nai 
beams on opposite sides shaii be 
designed as one or two way slabs. 
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JABLEA- MOMENT COEFFICIENTS por TWO WAY SI ABS- A C 1. mPF IQ4I 


Case 


1.00 


1.05 


1,10 


1.15 


1.20 


1.25 


1.30 


1.35 


1.40 


1.45 


1.50 


A 

L .500 


.546 

.50! 


.530 

.505 


.635 

.502 


.680 

.50! 



.805 
{.\.463 


.847 
L\.430 


.885 

.471 



LS_ 

.506 

.38} 


.549 

.576 


.586 

.572 


.^24 

.3(29 


.065 

.303 


JO! 

J55 


J3G 

.553 


.773 

.345 


.SJO 

.336 


.846 

.350 


.885 

.323 


L£- 

.36} 

.506 


.42} 

.515 


,460 

.522 


.500 

.526 


.540 

.530 


.580 

.552 


.Ofd 

.535 


.655 

.532 


.693 

.530 


750 

.524 


765 

.518 


LL. 

.400 

.400 


.437 

.400 


.472 

.403 


.507 

.402 


.544 

.400 


.576 

.397 


J 

.265 .305 
.388 .316 


.313 .337 
.396 .322 




.645 

.366 


.676 

.384 


70S 

.377 


.742 

.370 


.420 

.424 


.456 

.427 


.43} 

.432 


.525 

.433 


.560 

.436 


.594 

.456 


.626 

.436 


.432 

.332 


.465 

.333 


.495 

J34 


.524 

.335 


.555 

.332 


.585 

.326 



G 


.389 

.285 


.416 

.276 


A42 

.213 


,464 

.266 


.495 

.26} 


.52} 

.255 


.546 

.249 


.573 

.242 


.600 

.236 


.621 

.230 


.657 

.224 


H 



.344 

.503 


.367 

299 


.330 

.295 


.4/6 

.230 


.438 

.265 


.460 

.28} 


.464 

.216 


.501 

.269 


.530 

.264 


.553 

.256 


K 


.250 

.250 


.274 

.25} 


.296 

252 


.316 

.252 


.340 

.25} 


.36} 

243 


.382 

245 


.403 

.242 


.424 

240 


.443 

.237 


.465 

232 


Case 


A 


1.55 


I.GO 


1.G5 


1.70 


1.75 


1.80 


1.85 


1.90 


1.95 


2.00 









1 . 0 } 

■ .450 


1.05 

.440 


}.06 

.433 


}.}? 

.42} 


}.f6 

.414 


120 

.405 


B 


.320 

.3f5 


.958 

.308 


.995 

.300 


}.04 

293 


} 07 
.238 





1.23 

.33} 





c 


.804 
.5} 4 


.835 

,506 


.813 

.500 


.907 

.493 


.942 

.490 


.978 

.430 








J.05 

.463 


i.Od 

.456 


}./2 

.446 


803 

.360 


.636 

.353 


.666 

.341 


.300 

.337 


.932 

.33 / 


.365 

224 


.335 

.313 


i.Od 

.313 



.66 2 
.456 

,644 

.321 

.692 

.436 

.666 

.316 

726 

.427 

.696 

.i/3 

758 

.427 

.725 

.308 

.790 

.423. 

754 

.307 

.820 

.4}1 

762 

JOO 

.850 

J}4 

.810 

.295 

.380 

.410 

.836 

.290 

.914 

.403 

.864 

266 

.940 

.400 

B92 

.280 







H 


.576 

252 


.600 

246 


.629 

.240 


.646 

234 


.673 

230 













K 


\435 

.227 


.502 

22S 


.524 

22 } 


.542 

.2f7 


.561 

2}} 


.535 

.208 


.603 

.205 


.629 

.139 


.643 

.196 


.667 

.189 




Number Of Long Sides 
Of Panel Restrained. 


FormuJa:- 


t = 


Lf5-0.hN 



0 D 

^ r 

1 ^ 

IT) J2 

U- cc 


A 


l.lIxMi 

LlIxMz 


^9 0^ 


CL ^ 
uj 3 

CO 4 

2 Cl. 

3 u. 


h/here:- ^ 

- 5 Jab thickness - ^ ^ 

4 “ /ry/nimum ^ ^ 

N - 5u/r> o'T restrained ^ k 

L - Long span; 5- Short span in in. ^ 
Mtf Mz dc Md • Maximum Positive Moments 
in direction considered^ 


Ml 

l.OxMi 

I.Gx Mz 
Mz 

l.45x Mz 
I.45xM3 

M3 

1.45 Mi 


CONDITION OF RESTRAINT 


SKETCHES FOR 

NEGATIVE MOMENTS AT SUPPORTS 


The positive moment M for a s/ab strip one foot cuide is expressed by the formu/a 
M-ttS^CyU/here M is in /n.ibs.;ty- totai iive and dead load in its. per sq. ft; 5^ short span in feet and c = a 

coefficie/it giv'en in table depending on condition of restraint at edges of panei and is determined 
05 foiioujs : detect proper cose denoted by fetters A tok inc/usive from ‘^Condition of Pestrainfi 

Determine ratio betujeen Jong and short panel sides - L/s. The va/ue of "c'Js given in Tabie A at 
intersection of proper case and ratio L/5. 

Negative moments at continuous supports are determined from the positive moments, 
as noted adjacent to supports in "Sketches for Negative Moments at Supports i tyhere the 
moments os determined from each of tcuo adjacent panels differ, use the a veraae va/ue. 
Coefficients In this tobie apply cuhere the iorger oftavo adjacent vaJues of t/, or 4 does not exceed 
the smai/er by more than 207o.For other coses, refer to A.Ci Code for procedure^ 

At non continuous supports provide hooked top bars of sect/onoi area ego a/ to 50% of 
bottom stee/ and extend I/s of clear short span into pone L Bottom steel may be reduced 
25 7o fora distance eguaf to Y4 of c/ear short span adjacent to continuous edges oniu. 

Data from /2epah/ic Fire proofing Company inc., tieoj York City. 
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STRUCTURAL 


CONCRETE 


TA.8LE 


... FDHWM ENT LOW Cc MOMENT COEFnCIENTS FOR BEAMS FROM TWO-WAY SLAB5-A.C.I.C0I)E- 1^ 



1.00 


1.05 


I.IO 


I.I5 


l.ZO 


.25 


.30 


.35 


1.40 


.45 


1.50 



b a 


1.33 ./S9 
1.33 .302 


Case 

c I p I E 

alb g b a l b 

.302 1.24 .153 1.58 .348 1.17 
.185 1.45 .348 1.17 .153 1.58 












243 1.37 .ISO 1.50 .298 1.27 .145 1.62 .348 1.19 
J6S 1.30 .315 1.21 .217 1.41 .362 I.J^.J^I.53 
.236 1.4! .183 1.54 .253 1.30 .136 1.66 352 

.236 1.2 7 .334 1.15 . 233 1.37 . 376 1.13 .180 

228 1.45 .174 1.58 .237 1.33 .125 1.68 .344\l.24 

'.302 1.24 .349 I./7 .250 1.33 .388 1.12 .20! ^ 

':^U9 165 .'.62 .280 1.37 .122 1.68 .341 1.27 

.317 1.21 .362 1.15 .267 1.30 .339 I.IO .216 1.41 

2/1 .'.53 157 1.65 . 272 1.40 .115 1.66 .336 1.29 

.331 1.19 .374 1.13 .233 1.27 .408 1.09 .231 1.33 

.ISO 1.67 .266 1.44 .108 1-63 .330 1.32 
.385 1.12 . 295 1.25 .417 1.03 . 246 1.34 

1.60 .143 1 66 . 258 1.47 .102 1.56 .325 1.35 
1.16 .395 l.tl .305 1.23 .424 1.08 .26C\l.3l 


.187 1.63 .136 1.68 .249 1.51 
367 1.14 .403 I.IO .323 1.21 

1.66 .129 1.66 .241 /. 541.05/ 1-30 .310 1.42 
1.73 .411 1.09 .333 119 .437 1.06 .286 1.26 


.17/ 1.68 .123 1.62 .233 1.58 
.386 1.12 .418 1.03 .345 l.!7 


1.46 Jia 1.38 
1.07 .273 1.29 


1. 10 .302 /. 45 
/. 05 . 259 /. 24 


1.55 


I.GO 


t.65 


1.70 


1.75 


1.80 


1.85 


.90 


1.95 


ZOO 




.IG4 1.68 .116 
.394 /.// -425 


.157 1.66 .117 
.402 I.IO .43! 


.150 7.66 .105 
.409 7.09 .436 


.144 1.64 .101 
L|.4/6 1.08.447 


.138 7.60 .096 
.427 1.08 .445 


.732 

.427 


.726 1.44 
.432 7.07 


1.33 

1.06 


1.55 .224 
7.07 .356 


7.46 .277 
•1.07 .365 


7.34 .209 
7.06 .374 


7.76 

7.06 


7.00 .794 
L 05 .389 




b 

7.60 

7.76 


7.63 

1.15 


1.65 

7.74 


7.68 

1.12 


1.68 

/.// 


7.68 

1.70 






JIG 

,44! 

1.16 

LOG 

Jll 

.445 

LOO 

L05 






.179 

.403 

7.67 

7.70 

J 72 
.410 

L67 

LOS 

JG>5 

.4IG 

LG 5 
1.08 


LG! 

L08 

















.37 7 


.285 

.322 


.276 

.333 


.269 

.341 


.267 

.357 


.253 

.360 


.245 

J68 




7.5/ 

7.2/ 


1.54 

1.19 


7.56 

7.78 


7.59 

1.76 


7.62 

7.75 


7.64 

7.14 


7.65 

7.73 




1.67 

7.72 


.222 1.63 
J89 7.77 





'C i 

o ^ 

ID Od 


2 I 

I (5 

I S 


Number Of Long Sides 
Of Panels Restrained. 

o \ i I i 


A. 


CONDITION OF RESTRAl 


NOTE: 

Use coeffic/enf "o ' for 
defer m/n/ng ^nd. recscft'ons. 

Use coeff/c/enf 'Oxb“ for 
defer/rinlng £>encf/ng mo/venis. 


The load per hnear foot of beam from o fcuo-cuay pone/Jf un/formly d/sfribufed.ujould 

O'tf’ac/ load per sg. f7., 5-- shorT- span in feef and a ^ 
the coeff/c/enf giyeri /n Tob/eA. Coefficients gi^en in 5 J/nes opp/u to shori span 
beams and coeffTc/ents in L /ines app/y to long span beams. 

3f>a/r>5 is not considered uniform tut yoruinq from a Ma>:. 
ioZ fir momen^x^Tn^ ^cfuiro/ent uni/orm/g distributed 

/ooa for moment x/VxSxaxb uxhere coeff /dent f i s a/so giyen in Table Ai 

n found. 

Coefficients 'adnd-dare then flund^It in tit Lit III I ond sdort pone! sides L 5. 

































































































1-35 


STRUCTURAL 


CONCRETE 



EXAMPL ES FOR USE OF 6EAM T ABLES - pq. 1-3 4 + 0 1-57. 

20,000^-. = 3,000 , n -- 10 

t-c • i> 3000- 1350. DESIGN FOR d MINIMUM <S^ BALANCED REINTORCEMENX. 


£XAMPL 


Tn^^ ooo * b -- 12" JV^«4 /^^ea,ooo'*.depih^20’, b- 12". 


7^/ fi r=:^^ B^^S L'rfo': Tens/ooS^^e/ and Carr^pr. S/e^J As ■ 

^ — I 7^ A Fg. t^BG Sp/t/F/o n z Frorr-j 7hS/& A - J~3G //6e m/n/m <jm 

ib-lZ'\ /^e rry/ryJnr,^^ .>^/2'V,. / /. 


0 

Co 

II 

>) 


i-m 


2 '/* 


^ FF& c //Ve o^« >c?/^ 

CT^ For rr 7 orrr&n F 

of 30,000^5^ 
rog^j/rotF /s 2o” $ 
JZ " tr^/cFfh 
gaocf fon B4,200^ 
rcqu/r/ng 
• *• ToFal <Fep^h of 
heorry = ?OV2"= 22." 

Qncf <^cy / r^oc^ - 


* f ^c/'/v'G (fop^/j ^ for rTyomcnJ" of 

i. eo^OOO'^ j^epcj/r^c/ /S JS’For /Z ' PV/c//h ^ 
^ ^ L ^oocy ' 7 G. 300 '^rcgtJ/r//yp As - 2 -SF. 

. . •*• /76e cfjffer^nao in rryorryo/of^ 

2 C = 50,000 - 7C.300 = /3, 700^^, 

S i^A/Ch rryu^/" b e boko^n up bg Corrrpresr/on 

-L ,1 Frorrj Tob/G A-Pg. I-3G Co /urry/y /hr 

12. /"^ *" l°*'Comprcss/orf F/gg/ p/i^eT rrromcrf’b 

O f Af - //. 7 *• Pcpu}rG<f Corr 7 prGTT/or\ 

dAeel ^s- JJT^".' . Use 2 - 7 /sd. 




2 - / 


^ _a ^r „ go.o oo a ,,o'* fh/^ Corrp or G SS J o r? F/pc / rryus/ Sg bcs /o r? <t g cF 

=3./;. ^ ^c/c/z/Zo^cr/ 7&r75/or7 JVe^/. 

•*• 2 - / ° & I ’I /s Fof&rr/rrp Zo Tcy^/^ C'Pg. 1-33 /Ae-r&' ~3 Jbars 

Peferr/rrg /o C - Fg. /-33 e^o/^c‘tf-<yv>7 / ro^ Fcyr /^''/v/c/e 3 <?^ 7 y 7 ^. 

F/iOSP sS 3pr^ rrycyg be p/ooec/ 

/r> / ropv for /Z''tv/c/e JS>GOrry. ^ ^ y 

GbccA: Shecrr one/ 3or7o^ S/rerfef: F/rGS- 

£XAM P LB A/S 3 ■ G/i/Grt ? F Seo/r?, /OSpoo'fp/ob Px/oknerr 4 ". A^yb?b 6 = 2*0**£V/c/M afFA?/r_ 12 

. Fe gu/rea^: 3ep/jh of Beor?^ W; S/gg/ As. 

- ^ ^ ^ Splafiont Frprrr Tobje A- FSB {/o/ug o F rryo^^e^r?^ /o be Carr}e</ 6u 

■TT o / iv/c/^b /<?^<?gg = ^2. 500 fry s-a^rre TabJe, //7 Oq /c//-?^r-> for 

. “1 I SVobs. //tg rr7/r7/A^ry^//^7-y effpc/z/G c/epF/y c/ /hr rooryor/ of32,SOO^^ 

^ ^ 2 - 1 "^ h/i^^b S’ }s gooc/ For 33.300^"^ rGg^j/r/ryg As “ 2.23^ „ 

^ -*. Tes/^/ c/ep/h o f 3 GOrry - lG'/2 - !&^<3 rcqujreo/ As - - $§ * ^^0 y 2 23 - 4.4° 

, -i- •*•- OSG 2^} ^ S* 2-I/B Pe Perrin g I-o To b/e C- Pg. f-33 p/ooe 2 In 

^oy/oy>7 /uc/G/^ S J‘ I" ° Jn boi-Iom lager /•/''°/n 2^^ /ag^er^* 


5 1 2 .!^ 


Z"tY8'‘Ab ^2: 


gXApfPLB^ 

3 /oh 1/7 /ef/ 

PGgu/rec/> 


pTyen : T^Seam py/IIh Com 
SS 4% b-2'^0 \ aI^fG\ 

^GnS/On on d Corxn press /on 


Com oross/orj P/oo/. Tola/ Momenf /32.O0O'^j 


Co), Con ore /e Corn press/on in Sfem neo/eebeef* 

[* ^ ?A ^ *1 So/a f Jan : From 7hb/c A fgJ'X 
li !-• m •tyt Cof. For 4'f/oh and d= 16*' find 

'WV'7"«'^r "^='^■^'300^'# and As‘-2^23°^ 

l^lf /-F/4«'] The di fFerenoe In mojTTcnIs 

m \ Mf:d32P00-2 XSBBOO 23A00''^Mf/of 

I h*^ J nyus/ be /-a Men op bg Ca/TyprerS/br 

S/gg/. Prom Tbh/e A-Pg-/'3(B 
fn Cp/urnn for / ^''Compression Flee/ 
M-3,SOO^ far d ^ /C'\ 

To/qI Compression Slee I regty/jned 

-- dse 2-/-ds- J-l"’’. 

This Compression Flee/ mus/ be bo/aneed 
bg ode// //c^yycr/ Fe/yslo/y F/eo/ PeFerrInp 
fo /os/ Co/urynn In Fab/e A-Pg^ /-3C^ 

Pt~ • 42“per f^ 'af Compresslory S/ee/. - 
7b/o/ Tens/or> F/ee/ As^ 2-23X 2+.42x2*6-5.5S 
Z. Use 4- 1-1/4''°. 

Pg pGSr/ng /o Tbh/e C -Fp. 1-33 /Ty/hlrr? . 

hI/^//y of F/eryo for 4-J’'°S hl!/d° * 

flY 2 '\ t/Se I& 'prd Bars mo^ be p/ocee/ 
/ry ZroiA/ for I& '/jjc/c. 3earm. 

Chea - - . 


®oq ?-//«”"> 




re In Foroeryner> /. 

(b), Cbncre/e Cormoress/or> /r S/err? Considered ^ 

^ So/uf/on : From Fob/e A -Pg T3Q 

e ?_L^ /r Co/, /hr 4‘'S/ab ord d^ fClf/hd 

7^ M = S3.500'if^ond As^ 2.23^’' 

) lA/id/h afF/ob 24 '’-I 3 '^G'* 

I M = 35.300 X ^//z = 2G. 700 '/f 

I As= 2^23 X ^//2 = /AZf 

Fronr Tob/e A - Pp. /'33 In Fec/a, 
Beom Co A ond d' JC" f/nd^M = 60 ,SOO^a 7 
ragu/r/ryp S/ee/ As^ 2-GI?^ 

•* • For IS ir//c/e Beam onf 'd f feof /e 
c/ep/h 44= GO.SOa r 30.500 

As - 2.(^/x '^/2 =^,32?" 

The dif/erencra In momen/s Me' 132.000 -ZCJoo- 
-30.500 = 14.300 'At, FomTbb/e A- Fg.PSG /h 0>/ 
far/^^Compr. S/eel M-- 9, SOO'^/br d- IG'l 
7b /a/ Compr Si^eel rega/red As - - ^$‘§ 0 % ^ 

Th/s Oam/yress/ory F/ee/ mas/ be bofa/raed 

by odd/'/zhno/ Tens/hn F/ee / . FeFerrlryp 
/o2hb/eA-Po/3B Ar^.42°\\ Use 2A/7bM 7ers/bn 

S/ee//fp4/d AsfI-/2 4-332 +. 42x15^5. C7 ^se 

2-Ii^ 2 •'1/4 °and Bars may be p/aced ml ret^/ 
/h r 13 *'/v/de 3eorr>* CbeeA shear S 3 ond JV/esSes, 
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STRUCTURAL 


CONCRETE 


TA&LE A -RESISTIMQ MOMENTS OF CONCRETE REAMS.* 


4 * • * 


d- 


d 


^3tab 

^ J 


• A ^ 

^ 0: 




^ - ?0, 00 1 

7 = ?, 000 


#//7 


A 

n- 1 5 


300 

R-fSl.O 


I » ■ - ^ ^ * - 

M’ Moment of resisfonce of Beam one foo/ wide in fOOO rooi fbs. 
/?3 - Tensile sfee! area in sq. inches for momeni' M, 

Ry= 5q. in. addiiiona! iensi/e sieef for each I compression sieel 

' THICKNESSES SHOWN XnECTENGULeR. 




TEE EEHNtS FOR SLRB 


2"SLPi& I ?i"SLH3 I ySLBE 


M 


M A 


55 


M 


/PSUBB 


M 


S'SLBB 


M I /?» 


G'SLBB 


M 


REcmmuLen 

5EBM 


M /?< 




% 


& 

























6.G .11 












.17. 


8.0 


3.3 -IQ. 


8.<^ 





10 


lOk 


If 


//4 


n 


f7i 


/3 


fO.G 


1 1. S 


/ 2.3 


f 3.7 


I a. ! 


.18 


.So 


.Sf 


.33 


.5^ 


.33 


■SG 


fSS 


ic.l 


fl.G .81 


18. 3 .88 


10.^ .83 


/ 0.7 


/ f.S 


/?.S 


I 3.3 


! 5.0 


IG.O 


.75 


<53 


■8G 


.88 


■ Si 





3.3 ,87 


.31 














3,8 










f f.S 





.57 /7.4 


55 fS.l 


/ 3.1 


.3 


.33 


Z 


IG.7 /OS 


1,07 







^57 


.32 


.38 




/ 7. / 


/3. 2 /.00\ 70.0 t./Z 


133 f OZl 7f.3 


ZO./l /.03\ 7ZG 


/.Oitl 73.3 


22.5 t.OSX 25.! 



!./G 


f.03 


i./a 


!8.3 tJ3 


205 


72.! !.27 


23.8 !.3! 


75.4- 





















fS 2!. I 



Jl_ 

JA 

fS 

20 

IL 

27 

23 

7d 

lA 

JA 

27 

28 
23 
30 

32 
34 
3G 

33 
40 
44 
48 


2 2.3 


24.7 .32 
7G.S .33 
2 8.3 .34 
30.0 .55 
3!.S .35 
33.G .3G 

35.4 -OG 

37.2 .37 

35.5 .31 


24.1 


2G.e 


2 3.7 /.// 33.0 !.27 

3f.4 !.!7 35G 1.23 

3 3.G !.!3 38.3 t.30 

3 5. 8 _/J4 40.3 !.32 

36.0 !!5 43.G !.33 

4 0.3 !./G 4G.7 !.3S 
425 !.fl 43.3 !.3G 
4 4.7 !./S 5!. 5 ~/-37 

4iAA.JilAA4.2 /.38 
43^ U_^ _5G^ 

SI. 4 !.20 53.5 !.40 
53.7 !.2o G7.7 !.40 
^S.S 1.20 G4.6 !.4i 

JilL AAiAJJAEA 

ISO !.43 



25./ !.!3 


21.1 /.?? 


30.4 !.24 


27./ !.37 


28.7 !.33 




5 


!.43 


355! /.53| 42.1 
4 2.4 /.5G 47 .C 

45.3 /.GO S/.3 

433 /,G2 355 

57. 8 /.^B 33.8 

5G.3 /■ 67 G4.0 

538 / 45 G8S 
G3.3 /.7/ 77.7 

GG.3 /.12 7G.8 

70.4 /.75 81.4 

14.0 /.77 8G.0 

71.5 /.IS 307 

80.1 /.75 34.7 

^4.g\/.80 550 


285 


305 


34,G /.58 


381 


42.8\ /.72 

47.0 /.77 
5/.3 /.32 

355 /.SG 








5 3.8 /.SO 
G4.0 f.34 
^83 /.37 
72.7 2.00 
7G.3 Z07 
81.4. 2.0G 


/.G3 


40.0 /.IS 


448 1,82 
438 /•30 

54.7 A 57 

is 3.7 7.04 

44.7 2.03 
G3.7 Z/4 

74.8 2.t3 
75.5 ?.73 
85.0 7.27 


.2 


/.03 


/7.S /./4 


13.0 f.20 


20.8 /.2S 


22.G 


24.5 


2G.S /.4f 


28.l\/.47 


/.52 


/.G3 


/.14 


454 /.85 

50.3 f.3G 
SG.7 7.07 

G2.8 T./g 

43.2 2.7 8 
7 G.O 7.33 
83.0 7.50 

30.4 2.Gf 
33 / 7.13 



81.4 2.0G 307 ZSf / OG-t 2.33 

8Gq 2.08 34.8 235 //4.^?^ 

3^7,/0 /OaG?.38 /23./ 3.05 
34.2 2 /2 / 0 5.0 2.4/ 137.0 3.17 
330 2.(4 / / f.O Y 44 /4/.S ~T2G 


^ /GO.8 3.48 

'^-AAlAA^_187_L8^lJ_G^Z2J_j_8j_^2.5S !8/.S 3.10 

J‘AA lAAA 1:§A ^ HLA JAl’^ 7 203.5 ^sifz 

~d,o /JS^ /.8S /34.2 2.2G / 52 .3 7^ Yffil Us 

— Z 35 

IGO.S 2.32 /64.3 2.G3 ^03.3 4.73 

^ ^ r . -I J L \/7d7\z3S YdG.o\?.74 ~3G/.l 522 

from Single for?, Manue,/ of S/ruc/urA/ DesLr // J //^ ^ ^ 


Momehts 

Of! 

CoMpftEsyvE sr. 




/.8 .73 



2,3 




IJX.tS 


I.BX.IS 



3.2 





7,3 


.3 







,30 


■2\.yz 


.34 


571.35 





G. 7 I 37 


6 ./ 




3./ 


3. 


/ 0.1 




7.G 


6/ 


,42 


■43 
/ A H 45 

/? zl.4^ 

I3.2V47 

7<z.e ,47 

/5.? ,43 

/G.3143 
/73|.45 
/3 3 1,50 

75.3 . 5 / 

20415/ 

?/.5 .5/ 

^zslsz 

23.5\,52 
7 451,53 
2G.g\.33 
73.7 ,54 

30.3 .54 

3? 5 ,55 
34,5 5 5 
35./ , 56 

fs.sl.SG 
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STRUCTURAL 


CONCRETE 


T AbLE‘ A -R ESI STING MOMENTS OF COMCRETE 

j? jr5hh } ( •i> rh >C ^ P/l nr^nfi^/o" t r o c: 


W- 


'j 


< 1 . , 


d 


d 


J s 70,000^/° " , /c = // ?5 

Jc' = -500 n - /? R = / 

ice of beam one foo'f wic/e rn fOOO fooi [bs, 
’ In Scj, inches fon moment M. 

i^ensr/e s^ee/ fon each compression s^eeA 

thicknesses S ho WN ^RPcTftNGULPiR \momem 


/s 


■ . 


^ ■ ■ iir 

M~ Momenb of res/sbance of beam 
ffs - Tensile sfeej area in S^. inches 
/? 7 - » in. addtlionol lensr/e sieej 

. I TEE 5EflS7S FOR SLRB THICKN 


d 2"SLF& I ?i"SLR& I 3"5LRB 


Sk 


9 


94 



// 


/3 


/G 


n 


IS 


70 


77 


73 


74- 


75 


76 


R = ISG. ? 


M 


/?« I M 1 /?, 


M 


d" SLR 5 

~MTW. 


S''SLRS 

M fts 


Q," SLR S 
M \Rs 


RecTflNGCfinK Yomchts oFf 

c#v/r c 


For 



O, 


10,1 





/?./ 


.53 


l.O^ 


M 


7/ 

.87 

5.3 

.85 

3.6 

.55 


/?.? .551 /?.« l.0£ 


/?.3 A05 


/3.5 /./<a 


74.3 /.t?5| !C>,0 


ISA 





2 


I.O^ 





16.1 







LtO 


/.// 






(c 


1.07 


1.08 


?CO 


72.0 


23.1 


7A2 


26.4 




30.S /./5 


33.7 


35.3 


37.5 


36S 


4-7.0 


44.2 


46.5 


43.8 


73.7 7 /5 


20.0 /.?/ 


ZIA 7.23 


22.7 


7 7.7 


737 7.27 


20.2 


2/.8I 7.34 




7.27 


24.7 


25.4 


26.8 


232 


30.3 7.34 



23.4 7.37 


25.0 7.40 


26.6 7.43 


28.2 7.45 


25.8 




7.02 


7 2.6 7.03 


.? 7.76 


755 7.22 





7.7 7 


7.78 


7.7 5 


36.5 


352 I 7.40 




44.8 7.43 



34.7 


37.5 


4 7.3 


44.5 7.67 


478 7.63 


57.7 7.65 


7.66 


2 76 


257 7-64 


3 7.5 7.68 


33.8 A 7/ 


35.5 7.74 


40.7 7.80 


44.4 


48.7 7.57 


7.82 


38.7 LSI 


43.2 7.57 


48.3 2. 





2.75 




7.20 



50.4 1.40 


53.0 141 


SIS 




7.27 555 


7.48 


588 7.48 


6 7.6 7.45 


7.50 



7.70 


7.7/ 


7 7.0 7.73 


74.4 1.14 


7.55 


2.02 


66.7 2.06 


70.4 2.05 


74.8 


58.7 


64.7 ?.?7 


2.32 


7 56 7.36 


7.43 


23.7 7.50 


26.0 7.56 


28.3 7.63 


30.7 7.70 


33.2 7.77 


35.5 7.84 


38.5 7.50 


442 2.04 


552 2.78 


56.7 2.37 


6 3.6 2.45 


70.8 2.58 






75.2 2.74 




74.7 


80.0| 2.42 


354 Z4S 


50.5 2.50 


44,2 2.04 


5 


56.7 2.27 


62.2 2.36 


68.3 2.45 


74.6 


50.8 


87.7 267 


53.5 2.73| 7038 


55.5 2.751 7 73.0 3.26 




56.5 2-86 


2.5 5 







56.3 


875 2.78 707.8 257 


7 06.3 2.84 


2.88 





3.35 


3.54 


2.20 707.4 260|7/8.7 2.53|/42.5 367 


568 2.27 7 7 2.8 2.62 



257| I S 3.8 3.81 


51-1 I A76 I 10 1.8 2.23 j 778.5 2 65 j 1 32.0 3.0oj / 64 5 355 


2.67 I 7 38.8 3.04| 7 76.6 408 



84.3 7.77 7 05.7 2.24 


57.7 7.75 7 7 4.5 227 734.7 


57.8 7.80 /23.4 


7457 





757.7 


764.5 




200.5 435 


276.8 



732.3 237 7 86?7l2r5r77875 20 254.314.50 


747.3 234 767.7 


7 50.7 2.36 I 7 78.5 


207.7 




/5/.2 


204.4 330 







544 



2. 52 I 257.2 13.4 2 1 452/ 6.53 


* hdopfed 'from Singleton ^ MAnua/ of SfruclurAl Design^ H.M. /y'es ^ Sot? 3 . 
dee Pg, /- 33 far ^xomple.r thn c/se ap' 


CoMP/iEssrvE Sr for 



7 8 


22 


3. 6 


4. 


4.5 


5.0 


5.5 


6.0 


6.5 


7.0 


7.5 


8.5 


5.0 


lO.S 






/./ .75 


7.5 


2.0 .?/ 


?.4L24 


2.5 .26 


3.2 .28 


.30 


.3/ 




5/ .34 


.55 


.36 





6.5 





.38 


.35 





















8.0 


.4/ 


70.0 .43 


7 7.0 .44 


7 2.0 .45 


/30|.46 


.47 


7 5.0 .47 


76.0 .48 


7 7.0 .45 


/8.0 .45 


/ 5 OI 50 


20.0 .50 


2/.0 . 5 / 


22.7 |.57 


.5/ 


74.1152 


20.1 .52 


28.2|.53 


30.2 .53 


3 2.3 .54 


34.3 .54 


3d-4[S5 


47.SlSS 
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STRUCTURAL 


CONCRETE 


TAbLE A -RESISTING MOMENT 


OF CONCRETE bEAMS. 






5fab 


cf 




A 


A 


/350 


M- MomQH’f of resisionce of S^am 
/?5 - Tensile s^ee/ area in sq. inches 


fc = 5. 000 rL--IO R= ?35.G 

one foo-f wrde in fOOO fool IBs. 
for mornenl M. 


/^j- 5q. rn- oddilfonal /ensile sleel for each [‘^"compression sleet. 


TEB BEE MS FOR SLR 3 THICKNESSES 


SHOWN 


d 


Z-’SLRE 


M 


5.3 .94 


T^-SLRB 


M 


3" 5LR& 


M 


a." SLR 3 


M 


5” SLR 5 


M 


<S "SL RB 


M 


^ECTfiNQULRR 

BERM 




M 




OMINTS 
OF 

CoMmesuve sr \ 

dir 


^s \d‘!k 












li 


6 





lO.S 


/?./ 


/ 3.3 


/ 4.(5 


/ 5.5 




fO 


/o 4 


ft 


ni 


tz 


f3.£ 


/3.3 


2 /.! 


IS 


IS 


2S.f 


za.a 


?T1 


ze.o 


31.1 


34.4 


31 f 


fS 


Id 


? 



45 ./ 



72 I 50.5 


?3 530 


74 1 55.5 


75 se.s 


7G 


71 


76 










S 


8 


/.// 


/./4 


J.n 


1.70 


I f.4^ 


17.3 /.IS 


/45 /.?4 


IS3 !.23 










3S 


3.31 A 04 
















A 74 


A 27 


A 75 


A 75 


1.30 


1.3/ 




1.34. 


A 34 


A 35 


/.33 


137 1.31 


/AO 


20.6 


22.4 


74.0 /As 


A 45 


/.SO 


76.3 (.53 


/.55 


37.7 /.57 


A 55 


/.&/ 


31./ 


40.4 


437 


470 I /.G6 


SO. 3 A 70 


/Ad\ !.30 


/O.l 


/A 4 




















7as\ t.41 












i i.s 


/3.2 A 77 


/SJ 1.31 


/10\ A 35 


A 47 


2.7 


7.6 


3 ./ 


3.5 








A/ 


A 5 


7 / 


.73 


7 . 51.75 


.77 


74.7 A 57 


76./ 1 A 6 / 


750 /.QS 


A 45 


3 


3 A 5 | f.lf 


33.5 A 74 


AOJ 


/. 7 / 


A 75 


307 /.54 


3.7 A 50 


35.4 /.54 


357 7 . 0 / 







.9 













74.0 A 7 / 


75.5 



S.3 








.37 


SO 









/SO 


4 A 4 /.54 


A 55 


/.50 




A44 570 


/4S\ GO.S 


G3.7 





SI 4 


4 A3 /.S3 


GS.4 


G3.4 7.02 






ZOS 

< 22.7 

Z.fS 

< 23 ./ 

z.os 

457 

2.2 S 

-2 A 2 


5 /.a 

2.31 

BBHtl 


749 

AA <2 

730 

44 ? 

7 . 55 1 

43.5 

?3S 



45.5 

?.39 

74.9 


2.4.3 

532 

2.79 

1 

755 

84..S 

7 . 5 / 

54.0 








704 


77.7 7.04 


631\2.54 


lO.G /.IS 


73.3 /.IS 





3/./ 


.9 /.94 


34.5 7.04 


3 9.5 


43.0 1 7.70 


4 g.?| 7.?5 


7.45 


40.0 759 


47.3 773 


74 L 4 755 


570 


304 


97 0 


/ 04 . 4 | 37 / 


3751 / 74.413 75 


4.5 


7.3 


5.91.34 




5.3 


55 


9.3 


10.3 






45 ./ 777 


74,3 7.94 


55.0 3./0 


94.7 3.74 


/ 03.5 



.35 


74 


7 . 51-35 


55 |. 4 / 


.47 


/ 0.5 .43 











/oao 


SS.3\?.0S\/0SS 7471 / 77 / 3 . 




709 


80.S 

A 50 

a< 2 ./ 

A 5 / 

57-4 , 

A 5 ? 




/030\ 3001 // 9.9 


/ 775 | 3 . 35 l /4 1.5 1 4.03 
/3S.3 



744 


// 4.7 




.45 


44 


/ 4 . 7|.44 


.47 


/ 4 . 7|.45 


.45 


/5.7I.49 


3./7 


/333 3/5 




/ 50.5 


/ 59.2 4.74 
3 . 50 | /7 70 44 / 


/ 54.4 




57 . 4 | 7 .// I / ?/. 9 [ 745 1 / 4 A 3 3./ 3 | /SSJ 3 , 40 j / 955 1 4.7 4 





770 

7/4 I / 374 | 773 
7 / 41 JJ^.T 7 74 1 / 74.91 337 
jC 55.5 779 / 55 ^ 
/c» 9 . 4|757 70/. 2 


37/ /445 



7 //. 9 | 4.90 


/570 372 74 /./ 



/80./ 




2/4.G 


74/. 3 



2/3.1 



303.2 



223.4 39 / 340.0 
24S3 3 . 94 | 374 . 5 ~ 
S I 2 77.4 4.04 




(.0 

.49 


.50 

2 A 7 

.50 

ICTl 

.50 

BB 

. 5 / 

?A 7 

. 5 / 

21.1 

.57 


■ 3 A 7 

.53 

33.7 

■53 


7/5 



L I ^ ■ 1 I I I I 1745 ./ 1 3. 53 1 3 09 vT 4 T 7 T 54 ^"?T 7 ^T^ 

^ f.>r- US. 


4 A 5 I .55 
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STRUCTURAL 


CONCRETE 


TAbLE A resisting MO MENTS OF CQNCRETF 5 EAMS 


d'- 


d 




d 


d' 


fs - ?0, OOP *r " /r 



noo 


^ ^ fc ^ ISO n -- 5 R = 738.0 

M-Momen! of res/s/ance of beam one fooi ^^,^de ,n 1000 fooi/bs. 

5^ fBnsuG sfee / oreo rn inches /or momenf M . 

/ 7 y= Sy. ,n. add if tonal bensfle si eel for each [°" compression sieel. 




Ok 


rok 


It 


ifk 


n 




13 


IS 


n 


16 


19 


70 


71 


77 


73 


74- 


2S 


76 


71 


76 


44- 


46 


res BEOMS FOR SLO& thicknesses shown 


2 '’ 5LOd > 
M 


2h SLf)e> I 3"SL^B 


CM /Q 5 



/5.4 


/9.8 







3G.C, 


35.5 


G 


G5.S 







M /?5 




M 


SL/9B 


fis 



/-35 


/.43 




2I.S 1,^3 


?3.3 I.S? 



2G.S /5S 


2S.3 f.ao 


/.(S? 


LGS 


I.GS 







14.4^ 143 


!G.4 f 50 


153 f.Sl 


LG4 


22.2 f.lO 


24.2 LIB 


2G-2\ L13 


253 1.82 


3 a 4 \ 1 . 8 s 


i.SS 


34.S 1.30 


3G5 1.32 


3S.G 1,34 


40.8 LOG 


42.3 



/ 7/ 




4G.8 


SOJ 


33.0 A 77 


SG.3 1.18 


!.13 


f.So 


L8t 


10.2 1.82 


A 73 I 50.8 


i. IB 


I.IG 




■crmGULm^oMv^oFl^Rj 

BEAM \coMm£ss!yE sr\^^ 

d-.r 


M 


1 0.1 


I2.G 1.34 


t.U 


IG.l IBS 


I3.t f.GG 


t. IG 


24.! 1.81 


2G-8 1.3G 


22>.8 2.01 


32.81 2/1 


3G.0 2.21 


33.3 2.33 


42.3 2.46 




2.01 


42.S\ 2./6 


4 48 2.22 


41.5 2.21 


32.4 


51.4 2.34 


G2.4 


4G.G 


30.4 2.G3 



3!. 2 2.G2 


34.5\ 2.G3 







33.3 


G3.S 2.12 


G1.4\ 2.40 


12.0\ 2.43 


282 


73.4 288 


13.5 2.34 


8C.3 


2.88 


3.0! 


73.0 3./ 3 







76.7 3.37 


832 3,43 


34.2 3G! 


34.2 


38.4 2.30 


3.1/ 


7G.3 3.3! 


SG.O 3.5! 


3G.S 3.12 


3G4\3.40 \ 103.S\3.17\ iOl.5 333 


&1.8 


11.4 2.!G 


la.O 2./3 


73.3 2.20 


772 2.4G\ 33G\3.0S\/04.8 


324 





3.83 


33.G 3.03] aZG 5.SG\/24.0 3.53 


<57.3 2£!\!OG.3 


92.0 




4!4 



!?0.8\3.G3l!3!.3 402\ /44.0 4.54 



//3.0 3.n\/73.0 3.10 14!. 0 4.!! 



<54.0 2.22 


<S<S.7 2231/025 


53.3 2.241 /0G.4 


225 


tOt.O Z.2G 



4.13 


91.4 Z.BB\t t 9.8 3.2! \ / 37.0 3.11 1 /5/.0 4.?0| /H.8 






!2G./ 


!32.S 3.28 


!33.0 


2G3 I !4G.S 


!4S.S 




!GO.G 4.28 




5/8 


568 




435] 20/.5\33S 


3.92 / 76 8 4.42 








?33.3\5.76 


/70.3 |3.5G I /S8S 

/0S.S 2.21 ! 2?.3\ 265|/528|3.3S| /75.3 4.00 j /35.o|4.54| 230.3 399 
t/0.4 2.23 /21.8 267 


£5 268.2 


!81.2 4.03 203.1 

/31.S\ 210 \ / 73.01 3.4/ I 203.0 4.05 230.0 4.67 304.0 6.60 
/4G.8\z12\!81.s\3.4s\220.o\ 4,/J 250.0 4.15 345.3YoG 

4.2! 270.0 4.62 3310 7.47 


4.27 2 888 4.69 

221.1 5S7\270.4\4.32 306.6 4.9g\41G.8 S.2G 
254,0 X6 21304.2 


!580\ 2.14 I 200.0\3.43 


2/2.0 3.53 




E 


2 9. 




50G 


3.G1\331.0 4.43\330.0 S./G 




5.52 


^ee /-S3 /hr JEj^a^rr^p/eS" /hnySC ^ 


2 .! 



3.0 


3.5 


.// 


/././£ 


I . B\.!8 


-Z! 


23 .23 



46 



8.1 


8.6 


5./ 


/O.! 





3.! 


3.6|.?9 


.30 


.32 


.33 


5.4 .34 


5.3 


G.3|.36 


G.5 37 


.38 


.35 


.40 


5.6 .4/ 


/a6|.42 


.43 


/25 .44 


/3.4l4S 


/4.4|.46 


6 


/ 6.4 .47 





/ 8.3 48 


/5.3I.45 


20.3 .49 



.45 



222 






.50 


25./ .5 


2 7./ 


25/ 1.5/ 


3/.0 




3 3,0 .52 


3101.53 


4!.o\.S4 
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STRUCTURAL 


CONCRETE 


STIRRUP DATA 

WEB REINFO RCEMENT- A.C.U 

TABLE A- MINIMUM DEPTHS FOR EMBEDMENT OF VERTICAL HOOKED STIRRUPS. 

Deformed Bars: U- i0.0Do)^-h7c-t2 P/o/n Bars: d=Ci~^(^000)^^-f-7c-h2 


I t 


1^ 




Plain 


Size - £^ 20 . 000 */d- 
kiNl Defo rmed. 

T Va^\ 


AIN. 


Size • fw» IO.OOO’Vd" 
nI Deformed! 


Size- fv» IG.OOO^/p* 




Vz 


Plain. 


Deformed. 


2,500 ! 

5,150 / 


5t'rrup I'c. 'uc /n Pounds. \ 2^ 


Ul IG.3 23.4 30. S 37.6 16.3 13.8 I9.G 25.5 31.4 13.1 //.J | /5.5 20.5 Z5.I 

16.3 13.8 19.6 25.5 31.4 13.8 11.8 16.6 21.5 26.4 //.J T.g / J.g / 7.!5 21.4 

14.2 12.1 17.1 22.2 27.2 12.1 10.4 14.6 16.8 23.0 10.0 6.8 12.1 j/5.5 16 .3 

TzJTo^T^TsJ 23.0 ' 16.4 ' s.l 12.6 16.2 19.1 6.8 7.8 10.6\13.5 16.4 



2DOo\ 4400 3000 \l2.400 \l,aOo\ 1.80o\x96o\ 7. 20o\l1. l6o\ 1.6,Oo\ 1,6 00 1 3,5201 6 ,40o\ 9,920 


TABLE B- FORMULAS FOR"N’ FOR UNIFORMLY LOADED BEAMS (fy* zo,ooo*/o'X 


5i2 E Of Stirrups. IT 




Tr>corefica/ /^mder 
Df Stirrups in One 
End Of Seem. 




3,4 



7 . 7 d 


\ Increase 


tv/?erei To fa/ s/>ear /n trips, 

i n. y T^,- , — . ^ - Shear carried by concrete /h hips, 

fif- 14)- a fy- 14)' a ^ ' Distance in /hches firfm end oE 

beam tv po/nf cubere shear- ^ 

d*Effecfiye depth oE beam in in. 


i3,ld 



TABLE C- SPACING 


"N" 'distance f/?0H 

NomrER Of Stir- First Stirrup 
RL iPS In One End To Frcf Of 


OF OF- SHAPED STIRRUPS FOR UNIFORMLY LOADED BEAMS."' 


Spacino, Center To Center Of Stirrups In Terms Of “a’l 


Group. 


Of Beam. 


ZO 


I 9 




I G 


5 


I 4 


I 3 


I 2 


I 1 

l_C 

_9 

_8 

7 

6 

5 

4 

2 


Support. 


O 7 J a 


0,0/3 o 


D. 0/4 o 


0. OiS a 


O.OiG a 


0. 0 i 7 G 


O 0 0 / 8 o 


0.0 iSa 


O.QZ/o 


0 . 02 3 Q 
0, 02 S o 

0,0 2 do 

0,0 52 Q 
0.0 3^ a 
0.0 4 o 
0.0 5 a 
0.07 a 
0.0 B a 
0.! 5 c 

0.2~9 ~q 




Group. 


- Spacing, 


0.03 a 




0.03 a 


0.03 a 


0.04 o 


0.04 o 


0.0 So 


0.05 a 
0.05a 
0.06 a 
0.07 o 
0.06 a 
0.10 Q 
0.! 2 o 

O.t 6 a 
0.21 a 
0.37 a 


7 

ao4o 

G , 

0.04 a 

5 

0.04 a 

5 

0.04a 

5 

0.04a 




0.05 a 


0.05 a 


0.07 a 


0.06 a 

0.0 da 

' 0.09a 
0.09 a 
0.! 3 a 

0.1 5 a 
0.16 a 

0.26O 

0.30 0 


3 "*Qroup. 


Spacing. 


0.06 a 


0.06a 


0.06a 


0.06Q 


0.0 6 o 


0.0 6 o 


0.06 a 


0.06 a 


0.12 a 


■ / 0.! 2 a 

/ 0.12 a 

1 I O.I 2 ~ 

I 0.13 a 

I 0.20 a 

/ 0.22a 

/ 0.23a~ 

Hole : V'c based 
on .02 fc or 

■03 fa. I 

See Pa^v /-O!.. 



4’'x- Group. 


Spacing. 


0.08 a 


O.OBo 


0.08 a 


0.09 a 


9 a 


0.0 a a 


0.0 9 a 


0.09 a 


0.15 a 


O.J 5 0 
0.! 6 a 

o.n a 

0./3 a 



S'^'^Group. 


Spacing. 


0 . 1 ! a 


0.1 2 a 


0.12 0 


0.1 3 a 


0.13 a 


0.1 4o 


O.t 4a 


0.14 a 



I 

I 

I 


bu Stimups, 

^rr/e d by Concrete. 
a 

ttd/E oE Span, 




^ 

Ex A RLE: 

^'-'^^’d^^O";span l=24'-Oaacf yoad^ 3000^ pen //r, /V 

P^yu/r-ed Jr/r-r-up sp 4 sr/ny using fc ~ 3 .D 0 D^/oZ ' 

/y - ,4 2 iZb ij if • ^as^ng forma h in Tad/e Bl 

4&6~]/^6-aaa / ^ :3- ^edacr spacEZ ofTd ^ ^ 3"-, 5 4" , 

that the maximum spac/na oE shrrjjr^d ^ m ^ ^ to 2 & /O os the P.Ci Code rEguJnes 
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TABLE b -PROPERTIES OF REINFORCING 
bARS AMD HOOK niMPMSiriMS 


LOh/O. 7Rfih/S. LONG. TMNS. 


sscr. flRV) PSR FT, 
OF FRSRrC Cso. IN. 


LOP/0. 


Z 


Z 


2 


2 


3 


2 


3 


2 


3 


2 


BfHZ 




/"•i 


IG> 


IQ> 


IG? 


IG> 



trnns. 


.371 



to 


to 


to 


to 


to 




Z 


3 


4 


Z 


S 


3 


0 


4 


« 


& 


9 


3 


to 


6 




■ 230 .OtS 


Me /hoc/ of hooking 
oars as recommenc/ee/ 
3y R. C. I. •= 


NRBft PERtM. WT.*!' 


. 05 .73 


t.ta 


DIMENSIONS 


H p] i-cilo 




o 


/" n 


.202 


. f8 7 



.0/5 



^"0 


l“o 


/*o 


/■' □ 




■ ZO 


.Z5 


.3f 


.CC 


.OO 


Z.OO 



3.14 


l.OO 








.370 


.008 


.850 


too 1.043 


Z.^0 t.SOZ 3%' 


?■ 


7.070 


4.00 3.400 


4.50 4.303 5^ 


£.313 


ek" 


6 4" 


r-s'a" 




.096 


.08 7 


.032 


.074 


.002 


.052 


.043 


.020 


■ 049 


.120 


■ 087 


. 0 / / 


. 0 // 


.009 


. 0 / / 


.007 


■ 009 


.009 


.009 


.00 9 


■ 009 


.049 


.120 


.087 


TABLE C -MINIMUM BEAM 
WIDTHS IN INCHES * 



iL"cl. 




iL'cl 


NO. OF BRRS /N SINGLE LPYER OF RSINF. \PFO FOR 


OF MR 


l"i> 


f**a 




?_ 

0 " 


Oi 


G 


Ok 


Ik 


a 



3 4 


3 " 


10 


3k 


8k tOk 


9 Uk 


to I izi 


14 


aOO. BfiR 



If 


I? 


/ 3 ^| /G 


13 


IS 


ni 20 



20 


18^ 22 


20 2/1 


23 


23^ 


27 


22i 


2G 


23^ 


3fi 




3 



table D -area of 5TEEL PER FOOT 


OF WIDTH 



3 " I 5k 


SPRCtNG OF BRRS 



1.33 


1.80 


Z.30 


3. 




4.09 



0.13 


0.Z9 

0.2 G 

0.24 

as2 

O.Hl 

0.43 

0.G7 

O.GO 


0.82 

0.7 H 



f.OG 

0.9G 

Ifaa 

t.44 

1.3 f 


188 

irai 

?.(S 7 

2.40 

2./ 8 

1 . 

3.04 

2.7G 



O.tO 0.09 0.08 0. 





IB 

9k" 


0.07 

O.OG 

O.OG 

0.1 3 

0.14 

0.13 

0.2 G 

0.2 S 

0.23 

033 

0.32 

0.30 

0.4! 

0.39 ' 

1 

0.37 

o.se 


0.53 

0.80 

0.7G 

0.72 

1 

LOS 

0.00 

0.04 

1.33 

L2G 


LGS 

f.GO 

I 2 03 
_ / 

L37 

LS7 


tok" 



//" 


0.03 0.03 


o.n 


0 . 2 ! 


0.21 \ 0.2G 




O.l f 


0.20 


0.33 


0.4S OAG 



1./4. 


3 


O.Q>2 


a 6 G 0.82 


S {.OH 






1.32 
A 70 l.C,3 


0.78 


1.00 


1.27 

1.3<4> 
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STRUCTURAL 


CONCRETE 


TAftLE RESISTING 

rem for<nn^ 

Matn reinforcing 

M- Mornen^ of resistance 

Tensile steel area tn S 


MOMENTS OF CONCRETE SL/\65 


:aS 


of slabs one 
Sijuare Inches 


fanf 

fan 


\Af/c/e in lOOO foot fbs 
moment A/. 


/ 


70,000 


fc 

/c 

n 

2000 

300 

IS 

2500 

1/25 

12 

3000 

1350 

!0 

\ 

37 50 

!700 

s 


R. 


P 




Effective [Depth d in inches 

3 i I ^ \ \ s n 


/5 7.0 
iSG.2 

2}>5.G 

?98-0 


.0^/3 .78 .e7|/ ?3| .UMG .4/ ? 


i a. 


S 



As M As 

M As 

A7 

M A^ 

A7 A^ 

.38 25/ .44 

.as 3.14 .54 

.57 378 .G5 

3.2 .43 

4.0 .G/ 

4.9 .73 

3.9 .54 

4.9 .68 

5.9 .8? 

4.7 .60 
5.9 .75 

7./ .90 

Sn .65 
7./ .5? 

8.3 .98 

.IZ 4,77 -S? 

6.0 .93 

7.5 /.03 

9.0 /./3 /0.7I/.23 


CINDER CONCRETE FLOOR 5LA&5 

NEW VORK C\TY BLDG. CODE I 9 3 S “ E M Pi R I C /\ L FORMULAS. 

luous-n rf-^5 non- conhnaous spores. ... y9j. 


Non- conilnuous-n 
ends 

anchored. ^ I ^ T 


L feet 


, / Vi ~ IS j/ O' riax. ror ym -- i r r- / y 

^ ^ ~T ^ ~^2do — L6-0" ■' •• W> 200^ls<i.ft.} 

f -SlL t -- 4" If L -■ 8-0" or /ess and ^ W- ?00 or /ess. 

IV - Total uniform load in '^/°'C Live/oad ^ Dead load.) 

Rs ' .OfSCt-f) = 2<2>,000 for steel fabric of ultimate strength of l[S00^t°*l 

TABLE &-CR0SS SECTIONAL AREA OF WELDED FA&RIC PER FT. WIDTH OF SLAB-AsIN^” 


'* 0 .' t - inches^ 

L feet 

m'-O" Max. for W< 200"^ f sq. ftjf 

5-0" ■' •• LV> 200^1 sq.ft] 


2" 




t - 4-" if L = &'0” or less and Id = 200 or less. 

W - Total uniform load in '^/°'C Live/oad ^ Dead load.) 

= 2<G,000 for steel fabric of ultimate strength of l[S00^t°*l 


7-0" 


a'O" 


5‘0" 


80 


90 


f 00 


I ! O 


/ 2 O 


f 30 


I 40 


/ SO 


I GO 


t 10 


f SO 


/ 30 


?0 


.054 


,054 


.054 


,054 


.054 


.054 


. 05 4 


.054 


.05' 


.054 


.054 


.054 


.054 


.05. 


.0 5 4 


.0 54 


.054 


.0 54 


.054 


.054 


IV 


? / 0 
2 ?0 
2 30 
240 
Z SO 
2 GO 
2 70 


.00 5 
.OG 3 
.OG 3 
. OG 3 
. 0G3 
. O G 3 
. OG 3 


OG 3 
OG 3 
0G3 
OG 3 
0G3 
0G3 
0G3 


4" 5 


.05 4 


.05 4 


.0 5^ 


.05 4 


.05 4 


. 054 


.05 ■ 


.05 4 


.05 ^ 


.054 


.05 8 


. OG / 


. 0 G 4 


5Lfie> 


.OG 7 
.07 / 
.07 4 
.07 7 

.080 

.0 83 

.057 


5Lff& 


. 054 


. 054 


. 054 


. 05. 


. 05G 


.OGO 


.0G5 


.0G3 


. 074 


• 079 


. 083 


. 088 


. 092 


.05 


. 05 7 


G 3 


.0G9 


.07G 


.052 


.088 


. 0 95 


. / 0 / 


. / 07 


. 1(3 


. / 20 


. / 2 G 


. 0 G G 


.074 


. 082 


.090 


.0 98 


. / 0 7 


. / r 5 


. / 2 3 


./3 / 


■ MO 


. /48 


. 


3 




.063 


.034- 


,/04 


.tin 


.175 


.135 


.1 do 


.! SQ> 


./ GG 


. / 7 7 


/O-O" 


3^'SLflB 


.10 3 


.1/5 


. / 2 3 


.mi 


.15/1 


. ; <S 7 


.180 


. 12)2 


.203 



.131 


■ 208 


. 25G 


031 

r 07 

I OG 
1 1 1 
I I 5 
I 20 

I 25 


C ca^soo for stone concrete ffoor s/abs 


.132 
. f 38 
. t 45 
. I S t 
.157 

. /G3 

. / 70 


S''3L33 
.17 3 
. / 8 I 
.180 
. / 9 7 
. 20G 
.2/ 4 


MIK 

['Part cement 
2- Parts Sand 
S- Paris cinders 
(Cfean hard 
burned anihracite. 


.(7 0 I . 22 ? 

A, on Page f-33. 
2 ■ 5 MiK.) 





















































STRUCTURAL 


CONCRETE 


yiRALS AND TIES FOR REINFORCED CONCRETE COLUM NS - A.C.I. CODE 1941. 

SPIRAL REINFORCEMENT: 

of SpJro/s(p’)bi^ forrr7ula,p'a5[^ -l) 

UseTob/eA /o pef sp/^< 7 / S/^e one/ p/fch. ‘M K Ac / 

C /ear 

-WTn^ Aq -. Gross OreO of co/amn-frorr /Jamagraphs , pg . 1-42 Ao 1-45. 

7- / concrete core (out fo out of sp^rall) -see boHor, of Tab A 

J -^O/fmafe strength of concrete at 23 dogs. 

^ S - 40,000 /a" for hot rolled /htermeO/ote grade steel; 50, 000 fa" 

L tor hard grade stee/; and GO, 000 fo " for cold araoan cade. 

diameter of sp/ro/s to be i" t for rolled bars or do 4 d&M 

be leZ thnrli^ n Z / ZZ"'- Spacing betcueen sp,ro/s Shan not esceed 3" nor 

oe /ess rnon Ij or- /z ^/me s 7^/>e rnofc/mum s/ze of oggreoafe used. 

TABLE A - " ^ 


percentage 


SIZE 

OF 

ROD 

X 

%j 


COLUMN 

1 CORE 

DIAMETER IN 

INCHES. 


a 

1 1 

13 

15 

17 

19 21 

23 

25 

27 

29 

31 

33 



i.04 

.86 


.67 

,60 .54 

m 

.46 

.42 

.39 

BH 

.35 


2" 


m 

.61 

.59 

.53 .48 

.43 


BB 

.34 



4 

zi" 

- 

- 

.53 

.41 

.42 .36 

.35 


.30 


.26 

m 

■ 

3" 

- 

• 

• 

- 

35 .32 


.27 

.25 

MM 


— 

i 


160 

1.36 

U1 

}.04 

.93 .34 

.77 

.70 


.60 

.56 


m 

- 

ua 

1,02 

.90 

.30 .73 

.67 

wm 

.57 

.53 

.49 

.46 

z'l 

- 

— 

.32 

.72 


.53 

.49 

.45 


.40 

.37 


3" 

B 

IB 

— 

1 

. 54 .49 

.44 

.4! 

1 

wm 

.35 



8 


HB3 

B 

/.63 

1.46 

bb 

im 

I.OI 

.93 

.37 

.3/ 

.76 1 



LQS 

1.47 

129 


.96 

.33 

.32 

.76 

.7/ 


Ei 


— 

L/1 

1.05 

.93 .34 


,70 

.65 

.6/ 

.57 

.53 




B 

B 

- 

.77 .70 

.64 

151 

■ 54 

m 


m 



B 

m 

227 


4/5 

49/ 

573 

66/ 

755 

5551, 

lie -11 




^5 

4^00 




SS9 

gfgll 

■CmMi 

m 


SPIRALS. 


5fZE 


COLUMN CORC DIAMETER IN INCHES. 


TABLE 6 -EQUIVALENT CONCRETE MOMENT OF INERTIA 


5S3 


485 


9/G 


750 


377 


565 


1510 


1236 


9G] 


Z244 


1836 


l4Za 


3.220 


2635 


2.04S\ 


4.46/ 


3666 


6,076 


4.97! 


386l\ 


65SC\ 


5J25 


8fi5(AIOZOO\l3,470 


8,590 


\nfi30 


6,8dQ\6575 


LAT E R AL T1 ES 


ur 

ROD 

a 

II 

13 

15 

17 

19 

21 

23 

25 

27 

2S 

'31 

33 

7 -^ 

IC 

2" 

- 

2.3/ 

2.0t 

1177 

Z.S8 

/4J 

/.Il 

i20 

Hi 

m 


-Si 

m 

IH 

wm 

m 

/4i 


107 

' .99 

' .92 


.8! 

I'i' 

- 

- 

160 

Z4l 

1.26 

/./4 

/.04 

' .96 

■ .89 

' .33 

.77 

.73 

3" 

- 

— 

— 


m 

.95 

31 


.74 

69 

64 

£0 

1*4 

2 

2" 


- 

Wi 

2J5 

zn 

m 

1.^4 



fJ5 

129 

l.2i 

m 


— 


m 

m 

/£9 

m 

\/42 

A 

LSI 



m 

0 i n 

22 


• 

ZJ3 

J3d 

/.6d 

1.52 

U9 

m 

Li 9 

f.iO 


EB 

3'' 

•• 


• 



1.27 

J .16 

1.07 

39 

.92 

66 

EB 

|4 

r 

Z" 

- 

- 

— 

360 

1^ 

gg 


2451 

227 

2.12 

138 

166 


■ 

• 

• 


257 

— -1 

2.60 

2.37 

2. IS 

2.02 

1 

1.88 


fM\ 

2'z 

• 

- 


2.90 


236\ 

2.16 

1.99 


1^9, 


wb\ 

3" 

• 

• • 

• 


m 

m 

/65 

1.53 

1 

742 

133 

m 

table: C- MAX. NUMBER OF BARS IMONE CORE RlMG. 

>>C0RB 

6a|S^, 

1 

II 

13 

1 

15 

17 

19 

21 

23 

25 

21 

29 

31 

33 

}0 

/j 


/7 

/s 

22 

24 

2G 

23 



J5 

J" 

4 

s 

// 

/i 

/6 

18 

m 

22 

24 

2G 

2<9 

30 

32 



a 


/z 

/4 

/G 

id 

27 

22 

24 

2 ^ 

26 

30 

/" 


& 

□ 

il 

/3 

/5 

il 

id 

20 

22 

24 

26 

28 

■f 

i 

7 

3 

JO 

// 

13 

14 

m 

id 

/9 

21 

22 , 

24 

/J' 

A 

,a 


7 

9 

L 


// 

Q 

(4 

tG 

17 

16 

19 

20 


Bl 

m 

m 

1 

10 

D 

iJ 

14 

15 

m 

77 , 

Id 


Ki 




Izflear. 






^ f 


M' A 


Stagger 
ties 


2- 


1- ^ ; r 


stagger, 
t/es. 


3 






t •' 


^ ® 8 Bars 10 BaAs 12 Bars 

° minimum of 4 t rods spaced not arer 16 rert/ca! bar dfometers 
48 t/e dfometers or the least dimension of the column, idhen there ore more than 4 vertical 

bars add fona! fes shall be prodded so that e^^erg long,tud>hal bar Is held firm la in its desianed 

of to that pro;^/ded by a 90' corner of a t/e fSee sketches above) 
























































































































































































































































































STRUCTURAL 


CONCRETE 


FIG. 


lOOO 
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-AXIAL LOADS I N KIPS FOR TIED 

f.= 2000’’ CONCRETE ■ 

Chart 5a5ED on A,C.1. Code ■ 1941 


■SPIRALCOLUMNS 
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'i 
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<S0 


50 
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\ho 
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9o 
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70 


,C3 




8 


1 


fi 


Spiral CoJumn Forma Ja: 

GO (AJ/owah/e load] P- (0.225 p^) 


40 


30 


Tied CoJumn Formuio: 


lOxJO 


notable Load) P ~-0.8Ag (0.??5f)^ f /f ). 


l/a/ue of Ag (Gross Area of Co/umn in s<^. in. 
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6TRUCTURAL 



CONCRETE 


Q G. A -AXIAL LO AD S IN KIPS FOR TIED ^ SPIRAL COLUMNS 
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Z5QQ"CQNCRETE 

Based on A-C.I. Code • 1941. 
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'V 

^ 200 

0 

0 

'si 

.C) 

^ too 

90 

so 


70 


<S0 


50 


40 


2000 
I 9oo 
1900 
t7oo 
teoo 

l&OO 

J400 

J300 

1700 

tioo 

looo 

9oo 

800 

roo 

600 


500 


400 


300 


200 


190 


lOO 


SO 

BO 


70 


60 


■§ 

(S 

I 


s 

.C: 
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for formulas ar)d e.xomple see page 1-42. 
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FIG. 


- AXIAL LOAD.S IN KIPS FOR TIED &• SPIRAL COLUMNS 
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C)^stD ON A. C. I Code * 1941. 
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V ay^O^CONCRFTF 

Based on A. Cl, C ode* 1941 
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CONCEN TRIC LOADS FOR CIRCULAR 8c 
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PVhere ; .4 

C ^Bend/ng '^cfor fro/n d/ogram, 2 

P - i/erficaf food /n kips. 

M s Bending momeni '3 

/n fboi-k/ps. [6 
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Example: 

OiyemA concenfr/c /ood 
ofdOOA/ps and a bending 
moment, M -70 Ft ’kips. 

Required: Diameter of cot 
and % of reinforcement 

Solution: =4.3 

To determine equixa/ent 
concentric ioad- 
Bssume coic/mn Did = 2 2 in. 
Assume 4% Reinf steei. 

(Cut and fry) 

Fnter Fig.B of P/M = 4.3 
Find intersection atcurxe 

for D= 22 "and 4% /ert steel 
Read C= i.G 

The equiicaienf concentric 
/oacf = i.Gx 300 = 460 kips. 
Design co/umn by method 
g/Ven in Fig. A page i-42. 
Recheck for equiroient 

concentric iood if 


necessorfj. 
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note: DoiuesofC computed fbr BOOd^concrete-f^or/at/on for ZflOO^to 3750^concrete negiected as siight. 

Computed for no tension in concrete (crocked section) according to A.Ci Code - i94i. 
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26 1.4 3551.59101 


3.3 1.6 3tlL9JL17 


3.ai.9 4.ISL92 1.1 


4.3 2.1 





m 


D • 
Wt* 
5 • 
S’- 
t • 

V . 

R. • 

G = 
d • 
b • 
Wh- 
B ■ 
C • 
I • 
I . 
r . 
r' • 
f . 




• NOMENCLATURE - 


NDMIMAL DEPTH IN INCHES. 

WtlOMT PER FCOT IN LSS. 

SECTION MOOULUft 

RtOUCEO S FOR UN5RACED FLANGE 

WE6 THICKNESS IN INCHES. 

MAXIMUM WEB SHEAR IN KIPS FOR UlOCO*"/®’ 
ALLOWABLEEND reaction IHKIPs K)ft3tft£4RIMCfA.I.9£.) 
INCAlASl N R IN KIP* FOR I'ADOITIONiL frCARINC (i I 9 C) 
ACTUAL DEPTH IN INCHES 
FLANGE WIDTH IN INCHES 

WEJGHTOFHiUNCH ( 5 - SECTION IN^/.'S-SroHE C? 0 <C C-OWfCOt 
BETHLEHEM STEEL CO SECTION. 

U.S STLBL CORR SECTION 
AMERICAN STANDARD SECTION 
LENGTH OF MEMBER IN INCHES 
RADIUS OF GYRATION 

LEAST AaO'US Of GYRATION I 

M4IIMUM allowable STBt69 INTENSITY PER SQ-INChI 


Vauul for. 

10,000 Unfinished feous 



Bolt 

oi*w 





s 


A I d I | 0 i*« 


3070 4420 6010 7650 |V 3G2 


6)140 8840 12030 15710 IV 503 


KfBlUrlBPiilWWBWgWgyflfiyp^ BH133I 






8.32 


10.68 


I2G5 


(5,63 




16 0 20.0 16.0 eao I6 O 20.0 16.0 20.0 


2.51313 3.0 3.75 35 438 4 0 5. 


3 91 3.75 469 4.38 547 5,0 6.25 


4 69 - 563 5 25 6 56 G.0 75 


547| - 6.56 - 7 66 70 8^1 V 18 18 


7 5 -18.75 - l^(V 2093 


844| - 9,85 - IL^kZ459 


94^ - (fid r 


l 2760 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1-72 


STRUCTURAL 


RED LIGHTS IN STRUCTURAL STEEL DESIGN 


BEAMS : 

Compu^ section modulus slzs . pogG f-lQ. 

/?eocd'on must be Jess fhon alJocuotJe cueb shear V, See page f‘10* 
droce fop f/on^e /aferof/y-^-40 Max. For stresses see page f-10. 
Strength of brace /s to be not /ess than 2% of f/ange stress. 
Consider re/ah/e def/ect/on a/so. Limit ofj^p of span for 
JJye Joad Js common/y used to prevent p/aster croc/^s. 

HorizontaJ shear is i/mJted by S~ 5 = Max /mum at neufrvJaxis. 

Check uveb cnpp/Jng at bearing concentrations. Use /F<Sr S^poge 1-10^ 

or maximum end reaction - SAODOfatk); /tax. interior /ood'24j000tb,f2f). 
Peso/ve /oacfs on beams not set i/ert/co//y in components 
paro/ie/ and perpendicu/ar to cueb. Check extreme f/ber sfress.^*^ 
F/im/nate bearns subject to fans ion cuhere^^er possib/e. 


PLATE GIRDERS; 

Design g/rder by moment of inertia of gross section us/ng tab/es 
of I . Correct for nvet ho/e deductions of more than /5%. 

Ct?ecA cueb sheam////owobie stress- /3fOO%^ for-^ < fO. Mox.y^ HO- 
Reduce cueb stress be fcueen j-^^Oond 170 fo y^(^Xffd''odds7jffeners. 
Stiffeners required at points in g/rder cuhere - spoced 

270.000tArvT - • r yy 

n -y-TT Ore 4 mox/mum. 




11^ 

III 




Prov/de bearing stiffeners for a// beoring concentrations. 
Determine length of cover p/otes from bending momenf d/agram. 
Determine r/vet p/tch,p ^ ^(approx) or ^(exact) ‘3 dia.max/mum. 
For /ateroi bracing and def/eef/on see beams. 

COLUMNS: 

tVith direct food on/y se/ect coiumn from tob/es seepage 1-14. 

hath direct toad and bending^ combined stresses shou/d satisfy 

criterion ^ ^ Unity^txhere direct stress, iD- tending stress 

and 4” and ^ respective o//oLuabIe unit stresses. 

Brace o/J columns in tuvo directions at sp/ices.-M/nrZZ of toad. 

E/iminate eccentricity by using stiff connections or increase co/umn section. 

Distnbute co/umn moment above and beiouj fioor according to 
co/umn stiffness. 

TRUSSES; 

Determine stresses by graphic or ana/yticoi method. 

Rbrsne <3 f roUcs /- 7e/o 1-79 TSi. ARJ3 

^^/ckness of/mporfantgusseh for shear andbend/na. ' 
Chec/^ fop chord for /ateroi bracing. 

fhord members iu/fh d/rec/ Joad and dend/ng shou/d he 
des/gned for combined stresses. 

Add c//p ang/es fo fens /'on member fo ai'o/d £ccenfr/c/fg. 

RIVETS; 

//'yef spacing shouJd nof be less fhon 3 limes rivet diomeler. 

/vet gnp ^Ryu/dnof e^cceed 5 diameters .dumber pf rivets sha/i 
be increased /% for each add/t/onat Pis" in r/vet grip 
For n vets uj/th eccentric ioods ■ see page hSr. 


h of beor/ng. 

^ 5^ Forlzonia/ Unit Shear in 

^ertico/ Shear at Section /n lbs. 
I * 7o to/ Moment of inertia /h in. * 
b- Static Moment: Afdit fz dz 

KM \ j£— Co/nponenf ofP 

Vl ihroilei h ivet). ^ :3 — 

Jo^^Componen/ofP Al. 

perpendicular 

to Web. c=*L-, 


A, 

’’Shear 


intermediate 

Stiffener^ 


Bearing 

Stiffeners. 


ft ft ft 


ft ft 


» 1^1 


ft ft ft 



R- Resisionce of one Hvef. 

/)= Unsupported tieighf of Wet in /ns. 
f: Web Thickness in /ns. 

p ' Rivet Pitch in ins. 

Y' Unit Shear ^o" 

//“ Distance Bekoeen Riveflinesin/ns. 
For V,QdcI see Beams. 



Moment in Column -Po 
unless to/onced by 

connection on 
opposite face. 


■p/ve is ibr Shear. 
■Rivets for S/^ear 
and Ploment. 


Moment ta/^en in 
beam to i/m/t 
eccentricity in 
co/umn. 


Check Shear 


Check Gusset 
_ for 5h eor^Mom enf. 


Col ior ice€r>fr/c locd* 
Eno Ousscr. 


^ \ 
o 01 


Grip 


P ' Rivet Pitch. 



STRUCTURAL 


STEEL 


15 



TABLE A- NET AREAS OF DOUBLE ANGLES IN TENSION 

WITH BOTH LEGS OF ANGLES ATTACHED* 


u- tn 
O uJ 

Ui <r} 

t:;) Z 

tn < 


00 

>< 

00 


X 

<0 


IS) 

X 


lO 

X 

m 


X 

CO 


X 


Tf 

X 


One Hole Out 


Tujo hoies Out 


wg 

^ O 

yc 

I" 

(- 

TP& 

I 

Jk 

Jl 

Jl 

Jl 

I 

% 


ii 




< „ 
M I/) 

otruj 

O O 

33. 4g 

3aoo 
Yg. 46 
22.68 

13.22 
J5. 50 
2G.00 
22. SG 
19.86 
fG.lZ 

16.50 
'^00_ 
19.46 
16.88 

14.22 

11.50 
~^772 
15.00 
15.36 1 


(5/ze Q-r ho/es i/a " forger than r/i/et 5 ize.) 


NET AREA IN SqU ARE INCHES 
One Hole Out fi Two Holes Ou'' 


OUJ 


Size Of Hole 

I r~T7yf 


I >6'’ %- 


SizeOf Hole 

I" I iVa' 


U iD 

NZ 

\n < 


Of 

JsSSE 

^ a 
H 170 


NET AREA IN SQUARE INCHES 
One Hole Out I Two HolesOut 




5 IZE Of Hole 


Size Or Hole 


\3J.50 

YdZS 

2~4.92 

21.56 

16.12 

14.62 

24.25 

2L42 

18.56 

15.62 
12.62 . 

20.25 

17.32 

I5M 

15.12 

10.62 

16.75 

14.42 


5L2i 

28.00 

24. If 
2/J8 


30.92 

Z1.75_ 

24.50 

21.20 


2 3.54 

26.^ 

2~3J8 

20.24 


28Jf^ 

26.0^ 

22.96 

19.88 


2 8. 3d 

25.S0_ 

22.54 

19.52 


—CM 

K) 

X 


>2 


IL 6 Z 

3.84 

6.00 

6.10 


JY 

10^30 

8. 14 

l.iZ 

5.4~4 


l_0.l_2 

8.59 
1. 00 


( ’/d" 

8.44 

686 


n.91 11.82 

}7.02 

10.12 16.42 

IT 

10.88 

9.56 9.38 

9.20 

14.50 1438 

13.14 

13.50 13.26 _ 


9.22 

8.12 7.97 

7.82 

24.00 2i.75 

22.50 22.00 21.50 x 


7.50 

_f.62 (S'50 

638 

21.21 21.00 

19.88 

I9.4& 19.04 


5.72 

5.06 4.97 

438 

18.58 18.20 

11.24 

16.36 16.52 


3.88 

3.44 3.38 

332 

15.41 15.32 

14.52 14.22 13^ ^ 


10.12 

3.80 8.62 

8.44 

12.50 12.3d 

11.74 

11.50 ll.2e fO 

JA 

8.60 

7.50 7.35 

1.20 

20.00 19.75 

18.50 

18.00 n.so X 

'/2 

7.00 

6.12 6.00 

5.83 

il.lf 17.50 

1638 

15.96 15.54 ^ 

_k 

5.34 

4.68 4.59 

4.50 

I5J8 15.20 

14.24 

13.66 13.52 


7.96 

£.86 £.11 


12.97 12.82 

12.02 

n .12 n.42 

'/2 

6.50 

5G2 5.50 


10.50 10.38 

9.14 

9.50 3.2(0 


4. 96 

4.30 4.21 


7.97 7.66 

7.40 

i.22 7.04 


~TJ8T 

2.94 '239 



16.00 

14.21 


/4.50 14-00 


13.50 

17 DA 



— CM 

ro 

X 

— CM 

ro 


V4 


Vz 




9.38 

1.96 


6.06 

/• 


786 


/a 

8.36 

6.24 
4.76 

3.24 

7.02 
~5.74 

4. 40 j 

300 

~lJ3 

6.40 
524_ 

4.02 
5J^ 
~4Ji 

364 

2.50 

6.14 


8.61 

1.34 

6,00 

~4.60 

7.88 

Gfl2 

5.50 

±.?_2 

2.38 ^ 

l.tZ 

6/0 

5.00 

IS4 

5.46 

~4.^ 

3.46 

238 

6.38 


rO 

X 
— CM 

ro 


% 



wnmmA wn 


2.36\ 12.20 


8.74 


6.6 


2.86 


3.38 






8.62 


6.56 



6.3^11 5.3 


6.92 


1.2G 




to 

X 

ro 


— CM 

CM 

X 

N-> 


— CM 

CM 

—CM 

CM 


CM 

X 
— CM 

CM 


CM 

M 

CM 


SJi 
7.0' 

5 .7 1 

4.4. 

7.5. 
6.41 
5.2^ 
4.q_^ 

2.76 

6.7 1 
5.5 C 
4.1 C 

y.66 



^ ^/79/^ attached reduce net area /n TadJe A tiu 

One-ho/f the anea of /he unattached tegs, ^ 

/f s/ngJe ong/e is used. ef/'ec/zVe d^eo equo/s one-half net area /n Tab/e /? /ess 
one -ha If area of the oufsfand/ng /eg. 




























































STRUCTURAL 


ALLOWABLE 





Formula ' ft f 

^=/7.000- 0. 48Sj: /or j.< 120. 


^ 18. DOO 

^ /a,OOOr^ 


for 1 z / 2 D /o 200 , 



For co/umns subject to ax /at /ood 
ana benct/ng-comb/ned stresses 

S shaJ/ be /ess tt)On unitu. 


CONCENTRIC LOADS IN 

Aomenc/oture : 

J-Urbrocod /engtb oF co/u/r>n /n /nches. 
r-Fod/us oF gyrat/o/i Jn /ncbes. 

/[-A//oiuab/e ox /at stress 
FQ=F/Ioujo6/e bending stress ^/ai 
F^Uctaai 0 ^/ 0 / stress 

Fetus/ bend/hg stress ^oT 
A ' Area oF eo/u/nn^Sg. in. 


New, 

‘^|-r 





1 

Dimension; 

Axis X*X 

AxisY-Y 

d 

i i 

b 

1 


5v 

Bv 



Unbraced Length In Feet For Least Radius Of Gyration 




< ^0 


-HO 






A ^9 


l.OG 


d.22 


2 



/l5 


/’ y 



6!, 




!4.d 


f6.4 


id. 0 


20.8 


24.3 


27.4 


0.46 


0.45 


0.44 


0.44 





S 1 


^030 




14. i: 




as 



3!j 


35.5 


43.2 


520 


0.33 


10 

59 


5.7,- 





49 


54 


60 



P.9 



8 


6 


8 


10 

/O 

iol 


35 


JS5 


422 


49. i 


54.6 


60.4 


62! 


73.7 


0.27 


0.27 


0.26 


6 


26.8 


Fr 



36.J 


99.7 


U2.4 


:26.3 


133.9 


154.4 


0.26 


0.26 


0.26 


026 


0.26 


0.26 


0.26 


0.26 


0.26 


023 


582 


0 


iO 








242.6 

2632 



32 


3.9 


0.4 4 


0.34 


0.34 


033 


033 


0.33 


033 


033 


5.1 


5.7 


6.3 


5.6 


6.6 


92 


10.6 


150 


182 


21.4 


32 


6 


fl.2 


13.3 


18.6 


20.1 


23.1 


25.5 


1.44 


1.36 


1.34 


1.33 


1.32 


1.31 


L26 


1.24 


0.93 


0.98 


0.91 


0.97 


0.94 


0.94 


092 


1.06 


111 


i.ll 


1.17 


10 12 


5^ 



4 


48 


6 


13 


82 


92 


1.02 


0.11 


1.11 


ill 


Z .}2 


213 


J.73 


/. 73 


1. 72 


1.13 


J.14 


1.74 


1. 15 


2.16 


2.16 


2./ 6 


2.11 


i.li 



114 


101 


US 


66 


74 


33 


93 


103 


S3 


106 



64 


73 


82 


SO 


63 


97 


42 


49 


56 


63 


70 


44 


49 


56 


63 


139\I32\ }24\n5\l04 


/ ! } 


148\ 14! /3 3 123 


158\ i50 14 / 13! 


I80\I72\ 16 1 


2 n\ 201 \lS 5 \ 182 


18 


57 33 


39 


44 


50 


56 


62 


51 


66 


92 


99 


1 19\/05 


!49\ I36\/2I 




84 


64 


75 



29 


35 


39 


44 


50 


55 


5 1 


60 


84 


SO 


96 


6 


54 


77 


62 


83 


/ /oi mo 


80 


92 



1491 I34\ /23\ 1/3 


84 


104 


67 


18 


95 


263 25/ 231\22l\202\182\ 164 150 I38\ I27\ HI 



291 275\?56\?36 2/2| 190 


147 139 130 1/9 101 



165\ 157 141 


/55 





98 


174 


202\ 192 




229 221 Z!4 


2531 246 


0.77 


0.76 


L72 



166 


205 


221 


122\ 107 


129 


1331 121 


I94\ 182\ 169 



IS 


90 


95 


in 


161 


12 



60 




188 


87 


102 


141 


I12\ 151 




143 


66 


75 


79 


93 


131 


46\ 136 



65 



214\ 264\252\240\226\210 


30.1 


352\ 0.74 


33.9\ 0.74 


45.2 0.75 


50.4 0.^2 


56.0\ 0.1 i 



0.73 


.12 


1.73 


1.73 


1.74 


75 


1.75 


1.76 


7JL± 

2.65 

2.64 


2.1 ! 


2.10 


2 .!! 


30% 30l\290 



2641 2491 23/ 



/63\/52 


336 328\3I7 303\ 28S\ 272\ 253 


2/3\/93 


Z/I 


3521340 





292 Z72\ 250 



2}2\ 198 


4I9\ 401\ 394\ 3781 360 340 311 29312671 247123/ 


47/ 458\ 443 


4251 4061 383 359 


403 


528 5/3 496 417 455 43/ 
585\569]J5r 530 506 479 



262 



64316261 606 


/69 }57 


200 190 


223 2/21 198 
248 240\ 230 
21! 263 


299 230 



584\ 5531 5291 498\ 463 


34! 


4I7\38Z 


315 






104 


HI 


23.1 




544 \ 331 \ 328 


370 3Gl 


406 


440\43 /\ 42 / 



123 


145\ !29 


182\ 163\ 144 


208 194 
241 I 229 ■ 2/4 


267 


286 


296 

350\338lll5\ 3/0 
311 365 


95 


}07 



329 


90\ 365 



/32\ 120 




79 


69 


10! 



32 





no 







85 A 
33.1 




n 9 \ I &3 149 139 129 
181 755 1 1541 143 
219 ZOO 182 


254 24! 226 


252 


294 277 


3 18 300 




234 




238 


280\ 258 


34 & 


5:^5 5&4 55 / 


626 6 / / 


6S2\611 


742 


2 



304 \ 23! 



^ 8 D \ 364 _ 

473\464\j4S3 440 426 4/0 392 372 35 / 

456 I 4 73 4 400^18 354 327 

n00_ 41^ 4^5 4^0 405 3 74 
595 1 576 555 


_633 6/6 59/ 
723 \ 7371676 1 649 
767 






soil 480 451 4/9 


533\30! 466 







679 


587 \ 552 5/5 


601\ 566 




KIF 


•5.. 

A. 




4 ,* 


Aot 





























































































































































































































































































































































































































































































































































































OR. WIDE FLANQE 


-f/bn Moda// /n A 
nd/r>g Facfors. 

Afomenf of /oerf/a -/of 
Moment of/nerf/a-Jnf 

-if rod/f of gyra-^/or>, 

- "x'oxis must not bo greater 

'/res J forY'a^/s. 

Dimension Iaxis X* X I Axis Y-Y 


COLUMNS A.I.5.C. I94| 

y A mple. D^3/tpn of o co/u/r)r> Lo/fh scc^niric 

f's'o:/(ega;red:roM size ofco/omn. 

4 gy. C/hecX ca/i//77n s/ze u^s/ny cr/fer/o/y 2cccd/'jj 


P 


b}0 sh-onq. 


16 


14 




}4 


14 


a 


5 


/5 


/5 


15 


77.8 


85.0 


JO 92.2 


103.0 

112.3 


12 \ 121.1 


0.2 0 
0.20 


0.20 \ 14.3 


0.20 \ 15.1 


0.19 21.5 


0.19 

0.19 


0.19 34.5 


1309 


138.1 


l4z\15D.6 


163.6 
176.3 
l4i\J8S.4 
T4i\z02.0 


0.19 37.5 


0.19 46.2 


0.19 


Ratio 


n 


Unbraced Length 


103 


1.09 


0.33 


0.S3 

0.82 


O.Gl 


0.66 


0.53 


0.53 


2160 


22BJ 

240.2 

253.4 


0.19 

0.19 


3.03 

307 

3.07 


307 


2.4 4 


2f 


284 


7 n I 
C\J i 


215 


301 


2.03 


2.03 


J .66 


1.66 


0.19 


0.19 71.8 


0.19 77.0 


65.2 


053 

0.53 


0.52 


0.52 


0.52 


0.43 


267.3 0.18 \ 101.3 


261.9 


107.1 


15 


15 


295.8 a/S 

iro.o\o.l3 


112.7 


3 




7 


16 


16 


16 


16 


16 


m\324.9\0.i8 

UJ 339.2 ai8 

o.Ta 


367.d\0.l8 


i5A\382.2\0.l6 


16 \ 392410. IS 


16 \4 12.0 0.16 


16 421 A Did 
16A442.(A0.I8 




18 


1 465. a 0. 13 

/g? 4632 0.13 

iGJWJmaJs 


113.4 


124.4 

130.2 


1356 


141.3 


1477 

153.9 


159.9 


166.1 


172.2 


181.8 


191.2 


162 492.6 0.19 
lU 535.8 a id 


16>l\559.4\0.l8 


l6i\533.6\0.lS 


!6z\60e.l\0.ia 


632.^0.16 


16 


16 


656. 
682.1 


0.18 

O.lS 


/6i\7074\0.1d 


0.49 

0.43 


0.49 


334 


3 


/ 4. 


3G4 


40 i 393 


187 


235 


321 


355 


383 


422\ 4!6 409 


4Gi\ 455 


f.67 


1.67 


1.67 


499 

539 


447 

T35 

523 


Feet 


152] 135 


203 

252 


120 IDS 


93 


28 1 265 


307\ 290 


204 


228 

250 


3441 332 


372\ 339 


401 392 


439\ 423 


463 

502 


57d\ 570 56}T55iT539 


6I6\ 608 \ 598 \ 587 \ 575 


660 651 64! I 629 \ 6/6 


6d5\ 675 


664 

700 

738 


1-60 813 


0.46 


0.48 


0.48 


0.48 

0.48 

048 


0.41 


0.41 


0.4 7 


0.47 


0.41 


0.47 


0.46 


0.4 6 


201.0 


195.7 

210.9 

YM 


230.9 


241.1 


251.3 


261.6 

272.1 


282.7 


0.4 6 


0.48 

0.46 


0.46 


045 


045 


0.45 


0.45 

0.44 


0.44 


780 


1.60 


1.61 


847 

866 


822 

'860 


807 

'844 


1.61 


9±0_ 

934 


9301 9 111 903 


373 
110291/0/8 


886 

928 


1.6 2 


960 \ 945 
1004 988 971 
J/0±7[/055[ld4_/ 1025 fOOl 

7066 /06S\1050 

jOOT 


319\ 304 


345 323 


3821 372 


418 406 


453 

490 


207 

228 


268 


Least Radius Of Gyration 


S3 


! U 


53 


/ 94 


270 


31112^ 


360\ 346 


3S3\ 379 


525 5 


// 


S6/ 545 


601 585 


622 


1.61 111211100 


n56\l}43 

7200 


1128 


il87\ini\ll54[l!33 

I244\t230 l2 1 4 / 1 9 6 1 1 75 


LG I i28d ^274 1258 1239 12l7 
1 6 5 733 / 151 1 1300 I2d0__ / 258 

1.65 Ij4D0'i3~86 7368 .'34~S 1325 


1.G4 V 464 1449 1431 14 fO 1386 
' i 53^15 Ig\i 491 1476 j450 


348 
909 883 

951 928 
936 ' 963 
029 1005 


4951 477 


528 5/0 


567 


605 


230 


57 


/ 27 


230 


272 




332 3/7 


364 34'' 


371 


408 


18 


; Q o 




234 


30/ 234 


350 3 


358 


33 


459] 438 


490\ 469 


203 


/ 




265 




29! 


4/7 394 


4461 421 


825 


832 


/070\1045 


LG 4 


1.5 9 1562 1546 
LG 5 /G02/585 


1.65 ]l67i\l654 


LG5 \\i759\i7Z2 


L G6 j30_8 i 789 

LGG 1877 7856 


LGG 1945 1925 

TTgtJIouiTs^ 


LG7 \\2083\2062 


1526 '7505 
i565 1542 


1476 
75/7 

/gJ5T7g7^554 


170l\i676\lG4e 


1768 I7_42\17I4 

/83G'7sjd 


178! 


1902 J376 
!971 1344 


1846 

13/3 


1110 

1152 

H95 

123'4 

7233 

7353 


1423 


1449 

1488 


J554 


1085 

1/26 

HGG 

1206 

!27_0 

1330 


1392 


1417 

1456 


0-7 


865 
904 
938 
980 

To 19 SSO 
7058 iOZ'3 

LDSd 1067 

U37 II0_6 
'/f76 f!44\i.08 

/235t/7^ 


955 

996 


/ c 


4 


/ / 


:? / 168 


1293 


559 


1332 

1422 


1619 


IG85 


2038\20lT\i979 


1749 

Is 13 

1878 


1344 


1521 


1584 


1643 


1713 


1775 

1840 


1905 


485 


1262 

'1322 


'^'^4 


/ ^ 


283 


1345 1305 

7384 \7343 


154 -^ 


IGIO 

1673 

1756 


1793 


1362 


1446 1404 
1507 1464 

1567 1522 

1650 i 584 


169/T76'43 


n 5_5 

1315 


1704 

J 765 ^ 


7 i: 

683 

747 ’ 

mm 

" 755 ' 

mm 

819 

737 

' & 5 < 

815 

'339 

354 

925 

890 

962 

925 

‘ ' 93 S 

■ 9 G 0 

1035 

995 

'toil \ 

705 7 

yi 3 ~d 

>037 

ii '64 

1/40 

1240 

' 7 ' 95 ' 

12 G 0 

12/3 

1299 

1252 

1358 

13/0 

.'417 

73 ~G 7 

7414 

I 4~23 

L- 554 ' 

1451 

1533 

I 5 T& 

IG 52 

1595 

1711 

/G 53 . 


353 


4 40 


5^3 


^ '^3 


Z95 


1:63 




/ 


' 203 
1258 


'3G7\i309 


6 94 




384 


993 


103 5 


■ .1 


3 . 


• / 


! ^ 7 


//S3 


/424\/3G4\72 34 


i 4 S 0 ] 74 TF\; 2 S 5 


1472 /3 34 


/533\/52S\l336 


or ncrary //na ore tor /r rof/os be 

Tbe /4Lf 320 sec 7/0 n /s asec/ os co/u^n core. 

revised according to Bulletin R2l6-46i U.S. Dept of Commerce Feb 15^ 1946 













































































































































































































































































































































































































1 ' 7 G 


STRUCTURAL 


TABLE A-ALLOWABLE CONCENTRIC LOADS ON STRUTS OF ONE ANGLE 

(IN MPS ). 


A.I.S.C. CODE 1941 


MAXIMUM Z/r * 120 


L 


G 


Unbraced Length 


HoraiKimi 


oO 

X 

00 




'/? 124 1 2 ! 116 




X 

00 


Size 

L 


/ 


201 


'6 177 172 


^85 






h :23 125 ns n 4 


JO 5 lO/\ 57 



246 

237 

mL\ 

220 

212 

205 

195 

181 

ns 

168 

162 

155 

142 

136 1 

13/ 


106 


166 

154 

156 

m 

156 

I3S 

t21 

113 

/ 14 

BB 

\00 

92 

81 

31 



A 


215 203 ISO 


5.6 


1(22 151 14 i 15.1 


iSJ 




35 







74 \ <37 



Unbraced Length. 


3 


82 




G 




X 







\ 140 


133 









U-) 

X 

in 



X 

OO 


72 


33 31 


71 


147 14? 136 


13 0 126 


/05 


33 


75 72 


57 55 


^M\n3 


96 


yz ?S 


% 5S 


177 


f51 


% /3S 


Vs ff5 no 


^/z\ 93 


S9 




















7 

8 

9 

' 153 


14 1 

' 14 / 

154 

125 

f 122 


loa 

103 

98 

92 

64 

IS 

14 

i 63 , 

60 

57 

120 

HO 

39 

101 

96 

63 

95 

65 

76 

13 

72 

65 

G 4 

53 

55 

43 

44 

40 

135 

ns 

1 10 

120 

105 

97 

104 

31 

64 

33 

m 

7 / 

7 / 

63 ] 

57 


to M 













43 


SO 























X 

N 


I 16 ! fS 4 145 136 123 108 (OO 

% 145 /37 /30 121 no 97 69 

^4 ^24 119 113 105 95 S 4 77 

% 105 iOO 95 66 60 7 / 55 


hi 55 \ 32 77 72 66 58 52 

Vs 54 52 55 55 50 45 40 

~^/b 123 }24 n 7 ~r^~ 39 ~dd ^ao 
Vt //'2 107 102 35 66 75 ~~^3 

Va 55 3 / 66 so 73 64 ^9 

W 77 74 70 55 59 53 47 

^ 53 55 53 50 45 4 i 36 


X 

k9 


74 //'2 107 102 
Va 55 5 / <95 


/2 


_77 

55 


75 59 

64 ~^S 

53 41 


4 i \ 36 










12 .S 


12.8 


123 


12.3 


13.0 


Max 

L 


//.7 


5 31 n.7 


34 1 1.7 


7/ 11.6 







9.7 







3.7 


3.8 


3.8 


9.8 







S.5 


3.6 


3.6 

8.5 

8.6 
3.6 

3.6 

an 

8.7 

8.6 

3.6 

8.6 

6.7 

6.3 


Size 

L t 


rO 

>< 


X 


To 

X 




cn 

X 

CO 

CM 

K 

fO 

K 

(\i 

04 

X 

CM 

CM 

X 

CM 




Va 


5/6 



% 


V4 


% 


00 

X 

rO 






Unbraced 



5S 92 67 


76 



G8 


Length 


G 7 


73 G4\ 53 


52 54 


Mak 


7.5 


55 5i 50 55 50 


Vs 5 


V4 



% 

‘W 







87 321 77 


75 7^ 70 55 


52 50> 57 53 


44 4! 


30\ 23 


41 


32 31 


33 a 


70 


54 


52 



55 54 SB 


5S\ 55] 52 46 


44 


55 5 


40 


57 5 / 


53 50 46 41 


40 35 35 


23 26 


22 


77 73 66] 62 


53] 52 


53 


4i 


23 


62 


5/ 


47 43 


35| 36 33 


23 




%\ 54 


44 


Va 34 


jA_£2 

Va 3 y 


55 52 


45 45 42 


37 35 32 


25 24 


5/ 


2 





22I 20 


45| 40 


32 


2 / /9 


32 29 23 


22 ?0 
25 25 20 

/3 /7 /5 


Kz 35 
^ 27 

!4 /5 

Vs 24 

l4 /5 


35 32 25 22 


27 25 

/9 17 

24 21 

JG 14 


2! f 7 
IS 12 


12 


15_ 
I f 


il 

14 


n_ 

12 


i± 

9 


In using thjs table o/ioujonce must be mode for eccenfric loadina 
Nc-rr^bers at right of heavy fines give toads for maximum tenaf 


fengfh L\ 


43 


43 


33 


25 




52 


43 


33 


43 


53 


45 



27 


J9 



4G 


33 


23 


20 


38 


23 


40 


2 


25 


I 7 


47 


40 


25 


1 7 


31 

30 

24 

25 

17 

16 


34 




21 


J4_ 

13 

13 




40 7.5 


30 


54 



1.3 


29 


19 


51 


43 


35 


7.3 


6.0 


7.2 


7.3 









G.5 





6.3 






G.9 


G .9 









6.2 


G.2 


6.3 


5.3 


5.6 


5.3 



5.2 

5.3 


4.9 

4.9. 

« 

4.9 

4.2 

4.2 


3.9 

3.9 
































































































































































































































































































































































































































2Vtx2/j 3x3 3 '/2 X 3 V 2 4x4 5x5 I G x G 


structural 

TABLE A- ALLOWABLE CONCENTRIC LOADS 


1-77 


IN 


ON STRUTS 
MP5. 


FORMED 


A.I.5.C. CODE- 1941 




MAXIMUM 


V= 120 


U 


< 

UJ 

d 

< 


X-X Y-Y 

Axis Axis 


Unbraced Length in F 

Axis X- X 

4| 5 I 6 la ||0[|2 l!4llGltfll7Q T 


Feet Back to Back 


¥, 

Max 


Axis V-Y 


Max 



QO 

yC 

00 




% 


^A2238 


19.22 




22.00 


\ I9.4G 


%\}Gjd6 


2.44\5.55 ^5\50 l\4B7\4d8 


^59 5545^ ^ 4S;^44^l2\24M5G5\560\5bl\550 



5\5.5\ 


3.4$ 


2.49 3.47 


2.50 3.45 


/.sol 2.72 




7i8ulL0|l2|l4|l6|l8|20|22|24 l 


443 


365\362\3d0 





32/ 




390 372 35 
63\352\33d 322 304 
3I2 1305 296 234 ZlzYs 
258\257\252 241 




366 



E 


14.22 



E 


djz 


is.oo 


%/5M 


%\l3.8d 


% 11.72 


3.50 


Z.70 


1.83 2.(^ 


1.64 2. 




1.88 


1,43 2J3 


/.49\2JJ 





24.4\5 


4451443 


334 382 

Z40\z4.^\3Z3ln\32 


zUbbUss 





2 533\5 2 ns 10 



2/3\2 


344 





6\2d l\25Z 

320 316 304 289 271 
ZaihlS 274 265252 236 213 131 
237 234 231 27^ 7li 7nn 







463 

^ •• I 

413 

421 413 402 390 376 36 
355 346 337 325 313 
304\23S29I 232 271 261 
246 240 234 2Z7 ZI9 2ll\34.5 
367\364\36 i\353\344\333 320 307 29! 274 254 27.2 


376 





259\253i254 







223 213 200 135 

I92\i90\I87\i8I 172 I62 T5i\i 56\ I20 
14£ M5_ J4J_ IJ7_ IJJ_ n4_ ! 04 92 
297 292 2^-^-^‘n4 I94\l80 
263 253 254 240 22! 200 17 3X7 60 


I47\ / 42[I8.4\\257 \235\ \Z28\2Zl\2 141206 




22! 


169 I^2e2\279\z7<^ 27l 263 255 245 234 222 20 q' 193 

22d 22t 214 206 1 37 186 1 74 161 

//5 [M 732 190 188 184 179 173 766 158 149 740 J29\Z6.4 

87\73.8 1 45 744 742 733 735 731 725 7 79 //3 

w!i|fz57 2 35 297 283 2 73\z6 / 247 23/ 2/3 794 TdO 



I.5\\2.28\230\226\22/\279\194\7 75 753 


/.52\2.26 


l■S4\2.23 





797 181 


7S4\/57 




764X748 


733 











264 Z6l\Z5aZ50 24l\23o\2/S Z04\/SS /7o\/aO 25.1 



III 


35 






15.2 


15.4 




15.1 \250 227\224 2ld 2/0 199 168 /7^\/02 /4^l/J9 ZZJ 


/.S6 2.22 1/3 / I7\ll5\l09\f02\ 93 8^ 72 



10.36 









W\ 7.50 


E 


5.72 


4 




958 


7.78 1.88 176 7 77 766 157 131 7/0 /09 

1.20 1.86 750 145 740 123 112 93 92 

7.22 7.83 722 i 79 1/5 705 92 77 75 

1.23 1.8/ 93 91 88 80 71 59 ll 

7.25 1.79 63 62 60 55 49 4! 39 


7.03] 7.69] 749 74 4 737 /20 371 94 









72.0 






194 792 783 765 7 76 768 758 74? 755 722 //7 22.6 
7^ 7^ 7^ 7^ 7^ 7^ 97 95 
7/9\//7\//6\//2\l0 7 702 96 90 8 2 73 72 22.2 


75 4 7 4 3 7 3 0 775 7 03 

I50\/47\744\/3B\iZ3 720 7 0 9 9 6 9 2 78.6 

722 120 778 772 705 37 87 77 75 1^3 


715 



788 













}.04 /.gg 127 J22 
% G.5^ /. OG }.^4 f04 10! 


.9^ 1.07 /.Cf 79 77 
VA 3.58 }.09 1,59 54 52 






102 



80 






87 

/2J \\ SSl Si\S9 \ 85\ 8o\ 7i| 

12.5 C3 <o2 G! 58 54 50 


10.5 151 143 144 137 f2G 114 I fOl \ 94 
}0A 126 125 122 1/5 JOG 9S 84 Yo 


57 



3$ 







9^1 <95 7^1 ^5 


74\ Gsl 54\50 







!04\/0Z 






50\ 45 


E 







94\ 3(Z\ 76 G7\ G5 





18.1 


17.9 


f&S 


!G.G 




7d\ 7G 7/ G5 58 



34 






lO.sW 54 53 5/ 



99 92 75U7 


82 77 ^3 55 


65 55 49 42 
VA 2.d3\0.93\ L38\ 45\ 43 4f 34 29 


G.72 0.86\L4G\I04 


5.50 0.90 }. 43\8& 


% 4.22 0.91 TaiYIg 

























4J0\0.74\/.24\ G7\ GZ\ 5G\45 


5,75 /.2/ 52\ 48 43135 


M 2JS 0.17 UbX 3A 53 I 30] 24 


8.8 


9.0 


9J 


9.3 


1.4 


7.5 


7.1 


I06\l03 10^ 


57 J 85 82 


(GG C4 GZ 


45\ 44\ 42 



56 


S3\ 5/\ 4S\ 42 



55| 33| 2^ 24 

^ /Ta/ues to r/'^ht of heay^ //he indicate Atax. Loc^ds /or l/r - 120 * 

By courtesy of the Bmer/car) Jnst/tate of S/eei Construction. 



46\ 44 


92\ 82 


75! 


57 50 


58 













































































































































































































































































































































































































































































































































































3 > 4 x 3 4 x 3 5 x 3^2 6 x 4 7 x 4 6 x 4 8 xG 


1-75 



STRUCTURAL 


STEEL 


TAB 



TWO UNeaUAL 


.E CONCENT 


ANGLES - LONG 

>1 


LEG 


.UT 5 FO 


CK T 




A.I,5.C. CODE- 








^ i 


< 

u 

0^ 

< 




UN8RACED LenQTH IN FeET • 


AX. 


* Back to Back. 



Axis Y- Y 





2.54i2.4h 


Vl 




4 6 d 


452 423 


374 


325 


232 278\Z73 


224 


370 365 359 


321 325\3/7 


264 2Sd\ll6 


239 236 233 


iSf 


to 12 14 16 


4/3 400 564 363 


3S4\340\325 


517 307 295 263 


259 249\23 


215 209 202\ \S3 


350 342 327 3i2 


302 28 


252 24/ 


2/3 204 


I12\I65 


184 


6 


347 325 


306 266 


?64\25I 


226 2/2 


ld5\ \72 


296 277 


262 246 


229 


193 182 


I57\l4d 


24 L 4 



244 251 


214 


161 1 25.4 


147 


235 25.2 


208\25.3 


163 


155 


121 


437\431 


382 374 


335\33d324 




20.00 Z.!S' 1.67 


.5.26, 2.22) I.C2 


7 

' L • 


0.5C 2.25. }.57 


.66 :.7I 



S-iOi ;.5/ i ;.G5 


7.22 L95 I IG2 




■'.56 : 1.5 > 



33^|J25 32/ 311 


235 276 263 


258 254 246 240 230 


218 214 209 203 195 


176 173 f70\i64 158 


154 131 123 124 119 


267 260 251 239 


226 


196 19 1 !S5 


15S\ 155 149{/43 135 


ns\//4 10^103 


32 .65 


IGZ 157 149 139 I2G 
132 123 121 ~uJ~m 


282 265 245 223 


251 236 2/9 199 


9 205 


165 n4\lG2\i48 


132 12/ 


107 mo 


208 ids 16^160 


fS3 166 /47\!39 


155 141 126 111 


125 I14\i0 3\ 95 
96 36 


77 22 


154 


30\22.4 


SO 







J32 


m 


92 


10/ 


1.63 


8.60 1.22 I.GO 


.23 1.53 
554 [ 1.25 1.56 


7.96 /.23 


6 JO 1.25 1.33 
4.96 72^73/ 
3.36 .’28 TZS 


734 ! 0^ i.4f 

'^^ToiTW 



LOS 


114 


155^ 


132 

120 

m 

98 

82 

75 

122 

IQI 


80 


1/6 


98 


SO 


61 












101 












70 


53 







! 6.6 


8.8 


19.1 


19.3 


15.5 


15.6 


15J 


160 


120 


12.2 


227\Z24 22 


364X553 336 


322 3\l 29 


279X269 256 


215 


/90 


3 2 2 308\2SO 268 


294 28^12\25d235 


255 247 236 220 205 


2l5\208\lS6\ 185 163 


168 160 149 136 


132\ 127 no 1/2 102 


266 258 


23/ 1 224 214 2 


135 189 181 nd/se 


158\/5Z 


I 13 \// 6 \floXl 03 


10 12 14 16 IB 20 


414 4 01 38 7 3 70 350 J2^|3<?5 
554 340 324 ~Jd7 26^267 


316 306 294 280 265 248 229 


257 Z41 255 222 207 132 
Z14\207 193 }83 176 166 155 


315 289 258 223\22 


27A25Z\225 


238 216 19 


20C\/81 159 


5 126 


2 


111 






243 25. 


208 


n3\24j6 


133\24.4 


16./ 





!5.5 


15.3 




16.7 


211 




15 


l20\l0S 


90 


197\l74 


no 


14/ 123 


1/3 99 


74 




16.2 


153 


15.7 


15.5 




16.9 




35 








162 



83 

106 fOO\ 52 I 82\<59 
81 ~76 70 


BEgaeura 


65 


50 


34 





166 


142 


116 










12.5 


12.5 


131 


185 176 /63 148 


iSslMSjJi 


126 IJ9\H0 99 


57[ 31 84 75 


165 153 1<3 134 


131 123 HI 


1/2 /06 fOd 91 


85 31 76 63 


124 116 105 32 


54 S5l 74 






93 


so 


6 / 


7^/01 


mol 36\ 86 


7 


53 





















3.84 


74 


50 


60 


I06\ 96 


89 79 


68 61 


47 42 


65\ 60 




54 


0.351 /. /J 


0 96 



Biwa 




12.8 



32 








10.7 


/0.9 


/LI 







7.1 



61 


55 


/20 


99 


76 


5/ 


42 


49 


33 


77\ 7/ 64 


52 48 43 


1/5 /Od 99 


61 


49 45 4/ 


58 53 45 


40 35 3 


44 3513/ 


0\ 2^?/ 


55 


37 


72 


53 


36 


38 


8 / 


6 / 


60 


65 


so 


34 


60 


46 








T&. 










16.2 


15.4 


15 ./ 


14.9 


.6 


16.3 


16.0 


15.8 


15.6 


13.6 


13.3 


13 J 


12.9 


73 






















13.3 


13.6 


!3A 













11.3 


9.6 






















































































































































































































































































































































































































































































































































STRUCTURAL 


5TLLL 


1-79 


TABLE A-ALLOWABLE CON CFNTPl 
two UNEQUAL ANIGLFS 


LOA 


ON 


TROTS FORME 

BACK. 


Y 



A.I.5.C. CODE- 194 1 


MAXIMUM Z/rH2Q 

Lensth in Feet - Back to Back 


in 


< ^ 
hJ 

a X X Y-Y 

< 


Unbrac 


Axis X-X i max 
< o 6 IO|l2ll4liT L 



Axis 


/J3\3.76 



4 







4Z6 420 404 382 355 323\2S^ 17 J 




l.74\3.16\352\373 572 


X lM3.73 \ 55i\32d 322 \3l0\ 293 

® % 16,72 L77 3.72 218 275 271 261 



219 


Vz I3.50\ l.79\3.6$\225 


22m 4J0\35I 333 322 282 











3I4\23 


25d 224 


23/\2l/\lS9 


154 


J37 


220 


17.4 



L04\ 4.07\ 3I0\ 2SS\ 286\25l\20d /95 







216 


169 


142 


5 


V 


E^bEESKS 





17/ 


X \ l6M 1.05 4.04\27d260\249\ 2/d }3 
® ^ 14.22 L07 4.02 228 220 

h\ll Jo\l.03\ 4.00 135 179 171 151 


354 320 500 235 2 


^ | /7.7^| l.07\ 3.5) 234 274 263\233 
X 1533 /.OS 3.49 241 239 23 

12.96 up 3.47 203 202 \S4 \ 173 
lOJO l.il 3.45 169 164 157 I4l \ Ijd\l05 
IftI 73^ iJ3 3.42 }Zd }24 120 107 921 SO 


/.// 2.97125 7 248 238 214 161 \l60 


I3.88\ l.}2\ 2.95\224\zi6\20d\}87 


158 136X117 


129 l/0\ 95 


/J7\ 2.37\ l!7\//3 J09 99 36 


2.4s\lS4 177 167 




10.5 


10.4 








10.3 

















} 0 . 


II.O 


//./ 


If. 5 


Axis 


8 10 (2 14 \& 


31 434 42d424\ 4l7\4J0 
333 li79 374 


332 329 324 3/9\3/3 


279 276 272 268 263 


225 223 220 216 2\2 


37/ 369 


23X326 


255 233 


240\ 238 


192 


iJi 


233\ 295 


25 


2/6 


}76\ 175 



Y- Y 


20 22 


402\392\38I 


354 3 46 3 36 


306 298\290 


244 


202X196 


m 







4 

K ^ \ lL72\ I.I3 \ 2.92\ I39 \ 133 
^ 9.50 1.15 Z.90 J55 
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STRUCTURAL 


STEEL 


TABLE A- MOMENTS OF INERTIA ABOUT AXIS X- X 


ONE PLATE 

1 INCH WIDE 


TWO PLATES 1 INCH WIDE 



1_ 


DEPT 
WIB P 

d-inc 








J t 


Z. 1 


- O' 


I-. 

O' o 


I 


. t 


• o 




6 0 

64 



^ d-t-^ inch 




THICKNESS OF FLANGE PLATES IN INCHES 



3 /a “ I 746 



3//6 5/8 % 3/4 % Vs 



l'/8 \'4 



i:6.0 \ ■■36.0 .'5eJ| /76.7| /97.3| 2l3.l\ 239.2\ 260.4\ 26l.6\ 303.5\ 325.3\ 369.6\ 414.1 

■581 ’S2.3 206.0 230.0 254.1 218.5 303.! 323.0 353.0 37Q.3 429.5 481.6 

56J 183.1 2103 237.6 265.1 292.9 320.9 349.2 3 77.6 406.3 435.3 493.9 5S3.5 

'7S.7 209.4 240.3 271.4 302.8 334.4 366.3 393.4 430.8 463.4 496.3 562.8 


^ < -1 
^ f 





3 2'^ 5.3 



-’^^7 23 7.3 272.3 307.5 342 9 373.7 4/4.7 450 sl 437.4\ 524.21 Se/.jj 6 36.2 7/2.2 

228 1 267.0 306 3 345.3 385.6 425.7 466.0 506 1 547.6 588.8 630.3 7/4,/ 

^^■^0 29 8.5 342.3 386.4 430.7 475.4 520.4 565.7 6//.2I 657. \ 703.3 796.5 


799.1 



533 3 3 



"'5^^ 33/.7 330.3 429.2 4784 527.9 577.6 627.9 67d.4\ 723.21 780.3 383.4 987.9 


861.3 9 74.6 1089.7 


/070.8 1/96.6 


313.3 366.6 420.3 474.3 528.6 583 2 638 1 693.4 



344.7 403.3 462.3 521.6 561.2 641.2 70/5 762.1 
■ * 


749./ 8 
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"593.7 377.6 44 7 7 506.3 5 7/-/ 636.4 702 0 767.9 834.2 9 00.9 9 67.9 /035.3 / /7 / .2\/308.5 
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5239 600.3 677.0 754.2 831.7 909.7 988.0 / 066.7 //45.8 1225.3 /385.5 / 547.2 
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1190.6 .'32 5.4 1460.8 15961 1733.0 / 869.9 2007.4 2/45.3 2422.7 


S\/^06J 




1341.5 


1100.5 1260.3 !420 3 ^580.3 




les e.o i64oq \ isde.i 

/ 64 5.6 /7934 1351.8 2J05l\2260.2 



22 78 3 2 5 72,6 


04 395 5 11637 1332.3 


33 "^ 9 . /C5I.2 


3 658 







2727.013041.0 


/6 7/ / /(34/.3 


/406.3 1584.7 


< iOd.f 294 9 1482.3 J 67 0,3 
33 546. 1166 5 1363.1 1560.3 1755.1 


42667. 

4 5941. 



13038 2066.1 2228.9\2392.3 2556.3 2685.9 32fl.9 


2528.1 2101.3 3049.3 3399.7 



2/83,6 



in^j^3 3 0 1640.3 1848.2 2056.7 2265 9 2475 7 / 28972 

1/873 I504.7\n22.3\l940.5 2/59.3 2378.9 2599.0 2819.9 304/3 


1943.3 2/23.5 2304.3 2485.7 2667.7 2850.3 32/7.3\3536.6 


20^ /|22 J7.9 2423,3 26/9.4 28/1.0 3003.3 3389.7 3778.5 


2/55.6\2355.3 7555.6 2756 5 2958.! 3/60.3 3566.6 3975.4 



4:)j-j2. ^/jSO.I /57S.I /d06. 3 2035.0 2264.5 2494 6 



2956.9 



832/.3\3748.o\4/77.2 


3436.3b93J.9|4334./ 


342/. 8 3655.3 4/24.3 4596. 























































































































































structural - STEEL 


1-61 
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MOMENT OF IMFRTi^ 


UnU ^rea 


A PAIR OF UNIT ARfac> 
ABOUT AXIS y-y 
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STRUCTURAL 


STEEL 


TABLE A- MOMENTS OF INERTIA OF FOUR ANGLES. 


0 X 8 ANGLES 


ir 


T 


mch 


THICKNESS 


AREA 4 L« 


d 

IN INCHES 


’/Z" «/l6" »/8- 


3! 00 3^ 12 38 44 | 

MOMENTS OF 
FOR VARIOUS 



3 / 4 " 



42/2 


49 36 52.92 


'Mi' 


56.48\60.00 63.46 66.92 


INERTIA ABOUT AXIS X- X IN INCHES^ 
DISTANCES BACK TO BACK OF ANGLES 


ii ?32 
3381 


31/6 

44.4.6 


4091 

4906 


4103 5249 5792 


. 54(3 2 
6 323 
72 25 
<9/9(9 


441 ! 

4628 

5/86 

' 55361 

5684 

62/3 

53 55 

5786 

62/ 1 

" 

6640 

7 060 

74 58 

6324 

6835 

7348 

. 

7350 

8349 

8 824 

7317 

7977 

8511 

9/66 

915/ 

/03/0 

85/4 

9 209 
— 

9904 

10581 

1/266 

/ / 9 / 5 

9736 

/0534 1 

// 33 1 

12/14 

/2893 

1364/ 


6646 
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8255 


6/20 6754 1311 7911 8511 9/66 915/ /03/0 

7060 1194 85/4 9209 9904 /0581 1/ 266 / ! 9 / ~5 

9010 89/0 9136 /0534 /1331 I2ll4 12893 /364I 

9/49 10103 //Odi 1/950 12856 13 148, /4 6 34 75486 


9303 9113 

/0812 1/425 

/2569 13210 


/4391 

/6342 


/5/29 

11183 


9217 10298 1/313 / 243! /3451 14480 / 5481 16488 17452 184:9 13369 


10306 1/516 /2120\ 13905 /5056 16203 1733/ 18454 19538 

/I456 /2B03 14144 15464 16146 18024 19282 20534 2/ 743 

12669 /4/60 15645 m 07 13528 19944 21338 2 2 7 7 6 ~247o79 

‘3944^ /5586 17222 18833 2040/ 2/963 23501 25032 263/4 

'^^30 17082 75577 20645 22366 2408/ 25769 27450 29030 

16679 75647 20608 22540 24423 26291 28 /43 27981~77766 

! 8 / 40 20281 224 i & 24520 26511 286/2 30623 32626 3451! 

J9 6 63 2/986 2430/ 2(^534 28810 3 1^26 33 208 3 5 384 3 7497 

77.91 7 1721 2. 7L22L. lll ^ ^ j5^9_oo 3 8254 40542 

22 894 2_^ 02 ^ 263 01 3 0964 33564 36 /49 38691 4/297 43708 

17777-7:^7 L7. 92727 _3 3272 9707 & 93559 TT^o "44793' 46994 


1/456 
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12803 
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/4 144 
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/6 203 
/6024 
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_ , _ 
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20623 
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2/690 

24/45 

26133 

29456 


30709 323/2 
33548 35302 
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26376 2949 1 326/0 
28206 3/54 8 34680 
30/0 1 3366 9 3 72 2 6 
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36/57 40441 44721 
38300 42846 4738/ 

40 505 453/4 50/11 

^91 7_ ! 4 785/ 529/9 

45J00\5045d 55d0£ 

I 1 53 765 

55880 6/803 


3 5 68 i 3^8 4/66(9 44 6 09 4 7 343 S0399 

44_5J_^^j^7^2 4 5 0865 539 2 5 
40 736 4 4 / 6 9 945 54 30 0 57 5 10 

4 7 04 9 50 68^ 54212 51848 
5002 1 5 ^linAl 


4 3949 
5/856 
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6 / OSO 
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46/72 
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4860/ 
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12563 
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73/54 
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6/62/ 

73 / 10 

17 5 96 
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8 / 964 
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9/2/5 

8/509 

36450 

9/365 

962/3 

8 5847 

1 — 

91055 

96235 

f 0/344 

9b299 

9573/ 

10/733 

/O660S 



STRUCTURAL 


STEEL 


TABLE A - MOMENT.^ 


INERTIA 


FOUR ANGLES. 


i ft 


THICKNESS 

6x 

3/« 

. 6 AN 

iGLEf 

*/2 

% 

? 

] Vft 

"/I6_ 

3/4 

6-^' 

.1 

_x __ 

L 

'3/16 

ir 

X 

JL 

C| 

"Va 

^ d'/'j i 

'nch 

1" 

44.0 

4 

ES 

48 92 

AREA 4 i? 

d 

IN INCHES 

24 

17.4 

K/ 

FC 

202 5 

20.2 
lOMEN 
)R VA 

2341 

23.0 

ITS 01 
RIOUS 

2649 

25.7 
r INEI 

> DlS-i 

2946 

T 28.4 

RTIA 
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3244 

31.1 

ABOU' 

LS 

33.8 
T AXl 
^CK T 

36.4 

s x«x 

0 BAC 

409 j 

38.9 
: IN IN 

:k of , 

4362 



41.5 

ICHES- 

ANGL' 

4630 

3536 

38/3 

26 

24 / 2 

2790 

3 159 

35/3 

381 / 

42 20 

4554 

4381 

52/1 

5535 

53 50 

2d 

2335 

3279 

3114 

4 133 

4555 

4961 

5362 

5156 

614 ! 

65 23 

6896 

30 

3292 

3809 

4315 

4804 

3 295 

5776 

6236 

6693 

1/41 

75 94 

803/ 

32 

3 734 

4319 

4962 

5 526 


6648 

115/ 

77/2 

6232 

3748 

9233 

34 

4311 

4990 

5655 

6299 

6947 

753/ 

8/91 

<9799 

9394 

9935 

/0563 

36 

4813 

5641 

6395 

7/25 

7358 

8511 

9 2 70 

9959 

/0634 

/ /305 

! 1962 

38 

5410 

6333 

1/dO 

800/ 

3326 

9635 

104/6 

// J 92 

1/951 

/21 03 

I34-43 

4 0 

6102 

7065 

30! ! 

8929 

9851 

/0156 

! 1629 

/2491 

13341 

14 / 94 

1502 2 

42 

6768 

7636 

8886 

9909 

10933 

/ 1936 

/29J0 

/3375 

1432! 

/5162 

/6685 

44 

74 70 

3651 

9812 

10939 

/2012 

/a/ 83 

/4259 

/5326 

/6312 

/14/4 

/d435 

46 

8206 

9505 

/Old! 

12022 

13268 

/f^aso 

/5675 

16650 

1 

/BOO! 

19/49 

202 13 

48 

8917 

10399 

1 1196 

/3/ 55 

/^520 

15859 

/H 53 

1843.6 

/9109 

20966 

22 200 

5 0 
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11334 
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/729/ 

/dios 

20/15 

2/493 

22361 

242/4 

52 

10624 

12309 

13964 

/5S77 

n 196 

13785 

20321 

2/856 

23336 

24850 

1 

26 3 /6 

34 

II 500 

13325 

15/13 

/6d65 

/ae/3 , 

2034/ 

220 /3 

2361/ 

25291 

269! 7 
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56 

124! i 

14381 

/63I1 

/S205 

20099 

2 / 959 

23161 

25558 

213 15 

29066 

30185 

58 
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15478 

/7561 

/959G 

2/636 

23639 
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275/8 

294/ / 

3/233 

33/5/ 

60 

14331 

1 66 15 

18853 

2/038 
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274 16 
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3 1585 

336/4 

35605 

6 2 
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24860 

27/81 

29432 

3/655 

33637 

36013 

38/48 ^ 

64 

16402 

19010 

21574 

24077 

26536 

29054 

3/456 

33833 

36/67 

38494 

1 
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66 

17438 

20269 

23003 

25673 

26352 

30984 I 

33541 

36064 

38575 

4/058 
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68 

18606 

2/568 

24418 

27322 

3/073 

32975 1 
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38407 

4/060 

43 106 

46303 

10 
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22901 

25999 

2902 2 

32052 
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37932 

40603 

43623 

46436 

49/97 

72 

20952 

24767 

21561 

30713 

33987 

37/45 

40225 

432 72 

46264 ■ 

49249 

52/19 

74 

22111 

2 5708 

29180 

32575 

35979 

39324 

42587 

458/4 

48983 

52/45 

55250 

16 

23436 

27169 

30839 

34429 

3802 7 

4/564 

450/5 

48428 

5/130 

mm\ 

58403 

18 

2413! 

28610 

32544 

36334 

40/33 

43d67\ 

415/2 

5 / ! / £ 

54655 

58/36 

61654 

80 

26060 

30212 

34295 

3829/ 

42296 

46232 1 

50015 

53815 

57607 

6133/ 

64939 

82 

214 24 

31194 

36093 

40299 

44515 

43660 

52101 

56101 

60638 i 

S455S 

684/1 

84 

28823 

* 

33411 

37936 

42359 

46792 

5/ /49 1 

55405 

596/2 

63746 i 

i73 70 

1/92/ 


































1-54 


STRUCTURAL 


STEEL 


TABLE. A -MOMENTS OF INERTIA OF FOUR ANGLES. 





5 X 5 ANGLES 


^ d-h inch 


ICKNESS 


iRtA 4L« 


d 

IN INCHES 



/ 4.44 16.12 /9.00\ 21.24 23.44 25.60 27.76 29.36 


MOMENTS OF INERTIA. ABOUT AXIS X-,X 
FOR VARIOUS DISTANCES BACK TO BACK 


Sf.92 34.00 36.00 


IN INCHES^ 
OF ANGLES 


45 


5 0 


52 


54 


.'2 070 .'37/2 15215 ^e^23\ 18311 19926 \2I361 \22 a.‘i0 \?4?AI 25671 


11 

60 

11 

66 


■ ^35 


2 066 


2 002 


238 I 



2269 2513 


2991 


3113 


4230 


4116 


2 100 


3168 


3614 


4218 


4800 


542 0 


2169 3011 


3296 3593 


3263 3490 


3638 4/60 


3121 


4431 


3 939 4154 


4951 


3520 


408! 


4681 


5336 


6026 


3810 


4491 


4221 


4899 


5159 5624 


5813 


6635 


6409 


4568 


5304 


6095 


6942 


4890 521 6 5524 5 830 

5613 6060 6424 6116 


124! 1844 


6528 


7431 


8406 


6961 1382 


193 9 8413 


7 794 


8884 

8914 9511 10046 


5968 


66/4 


7293 


8006 


-583 \ 8152 


3256 \ 9531 
39591/0344 


9692 I / / / 9 I 


5355 6018 6159 7443 8/25 8802 9434 10014 10619 //280 


67751 7535 8298 9059 98/6 10523 11231 119/4 /2586 


1509 


828/ 


9 101 


9939 


/oai5 


8353 


92/3 


/Ol /6 


/ /06I 


9 200 /0045 10885 / / 61 / 12465 132/1 /3964 


120/0 12819 13156 14581 15414 


/O / 54 //08I 


11/44 /2169 


/3/90 74/94 


^ /5//2 

12/86 /3309 74426 15414 /654I 
72048 I /3275| 7^499 75 1 /I 76862 


76056 76936 


17533 78531 


/60/5 19/08 20/91 


1/150 73018 7440/ 75131 71065 78309 79562 20157 2/937 


721/1 14/5/ 75594 71033 78468 798 /6 2/714 22461 23145 


' 23 3 72 934 
:2062 73930 
7 2 9 70 749 /0 

3-5-: \ .'5923 
74692 i 16970 


74 150 


75826 


7 6 940 


■'8093 


7 9 283 


205/7 


: 6 :>90 

\ 79763 

^5<53 

' 203 / / 

, /d604 
• * 

l2 / 4 9 j 

^ ^ 9654 

'22105 

1 2^/ -^33 



23951 

[ 2 '3A / j 

25233 

[2 29 73 

'26541 

i 24 ;43 

21634 



27 2 2 2 



/6422\ 78099 79113 2/440 230/1 24589 26088 27587 


/7622 \ 79422 2 7 279 23009 24695\ 26392\28002 29601 


Jd864 20192 22174 24S35 2644/ 28260 299 85 37705 
20/48 22 799 2416‘i 7 a ^ i c; ■) a ■} a n 


24265 263/5 28241 30797 32036 33815 

2r4i_^ 23612 25865 28052 30/73 32/81 34/55 36101 


22844 2 5 733 21 5 71 29844 32039 34 246\36343 3843/ 


26J4^ 292 19 3/69 7 34024 36310 38591 408 7 1 
25709 28343 30973^33595 36069 38551 40920 43275 


35553 38/14 40809 43371 41306 
5±^3 3 7568 \40339 437 25 45769 48406 


mil. 3654 7 39638 42564 45504 48296 5/081 
352^^4^ 4jj63_±^4 8 41948 5089/ 53828 
3 36JJ^ Alin -Aim ^3945 47i92 50455 53554 56646 
35323 33949 ^2569 |495^5302 7 U^255 59536 








































































































































STRUCTURAL 


1.55 


STEEL 


TABLE A 


j^OMENTS OF INERTIA OF FOUR ANGLEl?^ 


6x6 ANGLF^ 


6 " 




d + ^ inch 


THICKNESS 
AREA 4 II 

d 

IN INCHES 

24 


V|6 

23.72 


27. 00 


Vl6 

30.24 


Vs 

33.44 


"/Is 

36. 60 


3/4 

39.76 


jST 

42. <93 


Va 

45.92 


'Vis 

4 9, 33 


34 

36 

lA 

40 

42 

44 

46 

48 

50 

52 

64 

56 

58 

60 

62 


64 


66 


68 


70 


72 


74 


78 


80 


82 


84 


of inertia about axis X- X IN INCHES4- 
FOR VARIOUS DISTANCES BACK TO OF S\s 


1 “ 

52. 33 


2844 


26 



3 380 

28 

3 963 

30 

4 594 

32 

5 213 


5999 
6 7 72 


3224 

3833 

4497 

52/4 

5935 

6610 

7639 


7593 8622 


359) 

3955 

43)2 

4 667 

421) 

4106 

5)33 

5556 

son 

55 24 

6027 

1 

6526 

58)3 

6409 

6994 

7 515 

6 6 75 

736/ 

8034 

6 103 

75 98 

3379 

9)41 

99)1 

8580 

94-65 

/0334 

7/198 

9624 

106 n 

/I 394 

12 565 


50 04 

596/ 


3338 

636) 


5674 
6 7 64 


5998 

7/52 


70 04 7476 795/ 84)1 


846! 9609 

9316 10650 

70339 II746 

11350 /2395| /4 432 | / 53 95 I 7 7 36 5 \ 73 328 \ 20 249 2 ! e43\2 30 5 i \ 2 44 16 

72408 74098 15747 17332 73990 20593 12149 2^617 752 19 

135/3 15355 17/53 18936 20689 22437 24)35 25081 27435 29/17 

74666 /6666 18620 20556 22462 24360 26207 230/9 29848 3/623 

)5866 1803/ 20)41 22244 24307 26364 28365 30328 323 )0 ~ 34234 

/7//4 /9450 2)735 23998 26226 28446 30608 32728 34870 36948 
78409 20923 23383 253)9 232/1 30608 32933 3522) 


101 21 
/ 1892 
)3 ) )6 

/4402 


77836 /2921 740/2 /5062 

)3)23 74333 /5538 /6705 

14416 758 11 17143 13434 


3)33 

3341 

10641 

7 2 0 33 
13505 
75062 
)6 705 


8683 

9982 


9 2 31 
706 2 ) 


9713 


' U312 

/2 / 03 

(2810 

126 54 

)36d2 

(4434 

1442 6 

15360 

7 6263 

76094 

il 1 36 

(6(45 

11552 

190 10 

20(3! 

197 02 



209 81 

2 2 2 2 2 


15741 
17 7 53 



197 5) 


20923 23383\2 53 I9\282)1\306 08 13293813522) 137 528 39767 
22450 2509) 


2/)4) 24032 


27707 30281 3 2 8 50 \ 3 53 5 3 \ 373 0 5 \4 p 2 84 42689 
26860 29662 32420 35/71 


37853 40482 43131 4 51/5 



24 064 

27356 

303 80 

33772 

369 /6 

40 052 

25 596 

29099 

32530 

35928 

3 9 2 74 

426 7 2 

21 116 

30696 

34541 

38)50 

4/705 

4525/ 

28803 

3 2741 

36 6 /3 

40440 

44209 

47 910 

30413 

34652 

38 745 

42796 

467 81 

50 166 

32 200 

36611 

40937 

45279 

494 37 

53646 

33 96 9 

38625 

43/90 

47709 

5216 1 

56603 

1 

35186 

40692 

45503 

50 266 

54958 

59640 

316 51 

423/3 

47817 

52889 

57818 

62 7 57 

39562 

44938 

503 7 2 

55800 

6017 / 

65953 




46//0 49/39 52080 



437/4 52/05 55532 53361 


5)644 


5465 9 


57160 


60947 



55240 583 16 62407 


58468 62318 66058 


6/187 65358 698/1 


65/98 69495 7361/ 


1323) 77633 



7)021 7598) 80997 85810 






































































































I-6G 



STRUCTURAL 


STEEL 


TABLE. A- MOMENTS OF INERTIA OF FOUR ANGLES. 




d -f-j mch 


4 T 



J 


THICKWESS 


AREA 4L* 


d 

IN INCHES 


2 4 

26 

25 

^ . 

3 2_ 

36 

_ A Q 

40 


'/z I Vi« 1 ®/8 


10:44 16 72 19 00 7124 23.44 25 60 


MOMEKJTS OF INERTIA ABOUT AXIS 
FOR VARIOUS DISTANCES BACK TO 



2 7. 76 2 9 33 I 3 / 92 


X.-X IN INCHES^ 
BACK OF ANGLES 


^4 

50 


62 


64 

66 


74 


76 


7 8 


84 


AS 61 
2 20 5 
25 15 


2917 


3404 


386/ 


4346 


4861 


5404 


2/54 


24 34 


2111 




295/1 32351 3493 | 3752 39 93 

3d37\4i46\ 4448 4736 


3 530 

4/21 4486 4850 5204\ 5542 


3339 


4450 496/ 



5/81 


5939 


4439 


50 2/ 


56 / 6 


5048 


5635 


6360 


56 2 9 


63 4 / 


70 94 



6/97 


693/ 


73 / / 



759 7 


5609 


64 2 3 


1293 


62/9 


60 20 


63 95 


1630 


382 5 


64/2 



3344 


9406 



3503 92 00 983 0 105 3/ 


70 73 7890 8639 9460 10236 


€906 


76 0 / 




117 20 


8123 


96/ 0 


96/3 /046d //326 12169 12974 


70535 7/527 724 76 


9440 /0533 7/603 72635 73679 


7 3403 


74697 


.42 9/ 


/ 56 1 / 



8 5 53 

9 2 70 

I 

ZOO / 5 
7 0 7 59 


<030s\ 7I4.9A/_ _I2A€5\ 7 3500 7^933 76050 / 7//6 


/ 1 20 7 I 12 508 / 3 7 30 

7 2 / 43 73553 7493 9 

/3 / 2 7 14 6 52 76/45 

/4I44 75783 /7391 




1 1593 \j 3404 \ 75/99 
72425 74361 76292 

73 2 36 7 5 363 7 74 23 


7 69 6 7 / 66 9 1 


73 7 3 7 
794 5/ 


20 043 

2/437 


74/75 76392 18592 20751 22377 
15 094 / 74 55 /9 7 99 22 /0_5__J4 36 4 

76042 18551 2/ 04 3 23496 25898 


7 70 73 


[ 9 6 3 1 
20345 



7 6 2 51 / 7 4^4_ \ 1362 5 

/ 76 2 2 73 93 1 2 019 7 


7 9 04 7 
20 52 1 


20 4 70 
2 2 062 


2 7 3 33 


22064 137/5 



2 5 303 


25421 27/25 


290 /1 


2 7 0 06 \ 2 AO 30 3 09 12 

23^64\ 30922 3299 / 


L 9 AA 1 

20/27 


i 4... A 2 A 2 99 53 
7 . 2 9 7 06 3 / 1 34 


2 32 12 


2 5 006 

* 

2 6403 


279 23 
29434 


27272X24536 27333 3/037 


12 333 
23433 



2 5333 
21/64 


293/7 
303 22 


32^33 
344 2 7 


3018 1 
3 2 502 
34 2 10 

360 86 
3 19 48 


33 56 7 

3 5440 


305 7 8 

3 J ±47 

3_4 3 7 2 
363 5 1 

3 8338 


323 73 3 5014 

34385 37227 


36955 39432 


4 / 7 07 


37370 40480 


662 I 2 8523 \ 323 70 I 36/5/ 3 9851 


3 9 350 

4 7 333 




44329 


439/4 


48205 5/444 


47087 50634 54031 




















TABLt A • MOMENTS 


I N ER.T I A 


FOUR ANGLES 


5’ 


I 


5ji3^iANQj^ 

LONG LEGS OUT 


~j d.* L in Ch. 


IN INCHES 


/O 


/ 4 


ZO 


22 


3 4 


36 


40 


44 


4G 


46 


52 


54 


TVIICKNE5S 



AREA 4 L? 

1 

10.24 

^ A .A A ^ . 

12.20 


5- 


1 



— 

I9.C8 

21.46 


1121 


1344 


1588 


1652 


2131 


24 43 


Z 7 (p 6 


3115 


3432 


3669 


4277 


4705 


5153 


5623 


GU 2 


6623 


7/53 


7704 


8276 


63G8 


9461 


INERTIA ABOUT / 

VARIOUS DISTANCES BACK TO BACK OF ANGLES 


1 

ns 

13/ 

145 


1 

/ 53 

/ 75 



/ 95 


167 

It - H 

!97 

2 2(2> 

232 


2/0 

246 

234 

3/3 


r ^ ^ ^ 

3G7 

422 

472 


452 

511 

581 

659 


573 

679 

78 1 

8 78 


735 

672 

70 04 

/ /29 


9/8 1088 

12 54 

/412 



IGO 


215 


279 


! 74 


233 


303 


35 / 


137 


252 


3 23 


f 36 


263 


343 


524 


732 


3_^ 

521 

800 


i330 
i 595 


1533 


1340 


I86G 


2f 75 


S7_6 

1256 


/067 
! 3 74 


/ 571 


/ 72 J 


J7Z7 


2200 


253 3 


2559 


2930 


2302 


33 50 


3290 


3798 


3702 


42 75 


2014 

2453 

2364 


3306 


L^IA. 

2309 


2107 


2532 


2732 


3i 90 


2997 

3501 


4 I 4 


620 


868 


i I 59 


1493 


137 \ 


2291 


442 


663 


930 


1244 


1604 


2011 


2464 


2754 


2964 


3260 


3510 


330$ 


4/02 


3684 


373! 


4214 


44 0/ 


474! 


5036 


542 


4263 


4 730 


4827 


5361 


5909 


4)33 


4179 


4600 


53 / 2 


5035 


S8 73 


5595 


64 63 


5393 


60/9 


66/0 


600/ 


6692 


7350 


6636 


7400 


6/29 


7303 


3/45 


8^46 


6/29 


7030 


800/ 


3925 


6637 


7726 


6732 


974/ 


3714 


6159 


6435 


6938 


7/99 


7 763 


8005 


8634 


8355 


9552 


9743 


/ 05/7 


9806 


/0103 


7270 


84 00 


9495 


!0593 


1/640 


1676 


St 05 


10290 


! 1481 


12616 


8509 


9855 


////7 


/ 2404 


/3652 


9/65 


10592 


11976 


! 3565 


14687 


/0633 


/ / 527 


/ /662 


/ 2585 


/ 2664 


13663 


15748 


/4S39 


/4656 


/6035 


9846 


11519 


12861 


14 556 


15161 


t 055/ 


/2/94 


J 5 790 


/ 536$ 


769/4 


1/260 


13036 


14144 


/6455 


78061 


16003 


71219 


H 199 


18569 


/8456 


/S905 


19715 


2/238 





























1,S6 


STRUCTURAL- STLEL 


TABLE. A - MOMENTS OF INERTIA OF FOUR ANGLES. 


6 x 4 ANGLES 


s 

X 





d t ^ inch 


THICKNESS 


AREA 4lS 


d 

IN INChES 



2 a 


23 


30 


32 




38 


40 


2 


44 



43 



54 


5G 


58 


60 


62 


64 

G6 


63 


70 


72 


74 


7G 


78 


80 


62 


84 


yi6 

Vl 

16,72 

19.00 


V\(o 


19.00 21.24 


M0MENT5 OF INERTIA ABOUT 

FOR VARIOUS DISTANCES BAC^ 


"Ae, ^/4 'Vic V& 


25.GO 27.76 29.88 31.92 


AXIS X-X IN INCHES-* 
TO BACK OF ANGLES 


1589 

/ 832 

1901 

2 193 

22 42 

2 587 

26 ) 2 

3 015 

JO 1 1 

3 416 

34 J 9 

3 97 1 

38 9 5 

4 499 

4381 

5 060 

48 95 

5655 

54 38 

6 283 

GO 1 0 

6 945 

G G 1 ! 

7 84 0 

72 4 ! 

8369 

7 9 00 

9 13 1 

6 568 

9927 

93 04 

I075G 

/ 004 9 

116/8 

/ 08 24 

12514 

! ! G27 

13443 

■'2 4 59 

14 406 

133 20 

15420 

! 42 ! 0 

f 643 2 

15 1 28 

! 7495 

IGOIG 

18591 

17052 

19721 

!80 56 

20 385 

190 92 

2 2 082 

20 155 

23512 

21241 

24576 

2 2 368 

2 5873 

2 55 H 

27203 


2070 


24 7 9 


29 25 


34 10 


3 9 33 



5033 


2 3 04 


27 dO 


3 2 59 


3800 


4 384 


5 D! 0 


5079 


2533 2749 


3 035 


3 58 5 


4 181 


48 24 


55 14 


G2 5 I 


38 95 


4 545 


5 24G 


5 9 98 


68 0 / 


5 730 G3S0 7035 7656 


6 405 


71 18 


73 68 


1143 


1940 


8 7 78 


78G6 8562 


a 743 


9 6 68 


95 J 9 


/ 05 27 


8657 9659 10529 11586 


9 484 


10 349 


10 583 


11549 


/ / 658 


127 22 


12 697 


! 38 58 


11252 12551 13834 15071 


12 193 


13 17 2 


! 3 608 


14701 


14 993 


16 199 


14169 15837 11452 

15 244 I lot 6 18751 


Id 231 \ 20 097 


1 6356 


16335 


/ 165 ! 


19016 


20 4 34 


21 9 03 


17467 \ 19500 2 ! 49 ! 23423 

18636 1 20306 22931 



19843 I 22/54 2 4418 2661 7 

23545 25952 282^ 

24978 27533 30016 


2 / 068 


2 2 37 1 



2 6454 



2 5 05! 


26441 29553 


2 7382 



31136 


3 2 78 2 


29 160 


30835 


3 2 556 


34 3 25 


36 140 


3 / 792 


336 1 9 


3 5498 


31427 


39 406 


30866\34470 38002 41440 


» 2969 

3 183 

^ 3562 

38/9 

42/0 

4 5/6 

49 / 5 

5272 

5672 

6087 

6486 

69 63 

73 56 

7898 

8282 

68 93 

9263 

9548 

1 0300 

/ / 062 

11392 

/ 2 237 

1 2539 

15471 

13 74 2 

14764 

1500! 

/£ J f8 

1631 5 

17531 

17685 

19004 . 

19 n 0 

20537 . 

2059! 

22130 . 

22 / 27 

2J 732 h 

23 119 

25494 h 

2 5 366 

27266 ; 

21069 

2 9 098 . 

28827 

30989 : 

3064 ! 

32940 L 

3 2510 

3495! J 

34 435 

37022 j 

36416 

39152 U 

38 452 

41345 A 

405 43 

43593 U 

4 2690 

45902 U 

4 4392 

4 8 272 U 



3 387 


66 


4 3 03 


5614 


6 484 


74 18 


84 !6 


9 418 


10603 


11793 


13046 



15744 


H 189 


18691 


202 69 


2! 906 


23606 


2 5310 



29089 


31045 


33064 


35141 


31294 


3 9505 


41180 


44 US 


51516 

























































































STRUCTURAL- STLEL 


TABLE A - MOMENTS 


INERTIA 


rOUR ANGLES. 


I 


5x3/^ ANGLES 


1^' 


d i- i in ch. 


THICKNESS 
AREA 4L5 


d 

IN INCHES 


20 


24 


40 


44 


SO 


70 


2. 20 

MOMENTS or 

rOR VARIOUS 


7^16 


4J2 


1788 


4S/ 


<SZ7 


194 


$32 


} 190 
14 19 


2227 


2558 


28G9 


3 384 


4397 


463/ 


5284 


S759 


G254 


6769 


1305 


786! 


6437 


3035 


9652 


10291 


1094$ 


f {628 


12328 


13048 


{3 769 


16.00 

Tnertia about axis 

DISTANCES BACK TO 


569 


654 


145 


656 


942 


{085 


i {65 


{342 


14/2 

i 664 

{980 

230/ 


{628 

{942 


2646 


3054 


30/5 


3481 


3409 


3936 


4737 


5228 


5744 


6285 


6649 


7438 


8 052 


8689 


9352 


{0038 


{0149 


{ {485 
{2245 


547 / 

6039 


6636 


735 


962 


{221 


S/7 


{0 70 


1357 


2995 


3337 


3446 


3929 


4444 


4990 


5569 


6/80 

6823 


3840 


4379 


4953 


5564 


6210 


6392 


7493 


76/0 


8363 


7260 


73/3 


8594 


9304 


/004I 


{0807 


{ {60/ 


i 2424 


f 3274 
{4/53 


13029 


{3831 


{5060 


)4670 


15528 


{6409 


15996 


{6959 


{795} 


6205 


9/ 52 


8944 


9977 


9715 


{0858 


{0516 


{ { 734 


/ 1352 


{2667 


I72/9 


{3635 


{3/18 


{4639 


/4049 


{5676 


150/2 

16007 


{ 7034 


{6753 
{ 7664 
{ $ 0 }/ 


idO$3 


20/94 


{9183 


20306 


{897/ 


Z/461 


214/2 


X-X IN INCHES^ 
BACK or ANGLES 


692 


/ / 10 


{487 


{ 5/ } 

{682 

{843 

1834 

2042 

2239 

2189 

2438 

2674 

2576 

2369 

3/43 


366/ 


42/4 


4807 


5439 


6/ 10 


6620 


7570 

3359 


9/88 


{0055 


/0S63 


/ {909 


{2895 


{392/ 


{4985 


I608B 


17233 


22666 


23956 


164/6 

J9636 

20899 


22200 


23540 


24920 


968 


f 270 


16/5 


2003 


2434 


2 903 
3424 


3984 


4587 


5235 


592/ 


6653 


7427 


6245 

9/05 


f 0009 


/0955 


{1945 


{2977 


{4 052 


/ 5110 


{6332 


{7536 


{8783 


20073 


2/406 

22762 


2420/ 


26359 


25663 


27/68 


261/6 


1038 


/363 


1135 


2153 


26 /a 


3/23 

3681 


4291 


4942 


5653 


6333 


1 115 


60! 0 


{0798 


{ 182/ 


J 2890 


{4005 


! 5/61 


{6316 


f 763/ 


/S932 


20280 


2/615 


231/6 

Z4603 


26/31 


27717 


23344 


3/011 


f 

’/8 

"/1 6 

3/4 

i9.£e 

A A A « 

21.48 

23.24 






i-eo 


STRUCTURAL 


5 



bEARIMQ PLATES FOR STEEL SEAMS. 


5ec ’‘in c 


; t 
^ j 




example • Gfven: Load ^ dOyOOO'^; Safe r i f i « 

bearing pressure of K-fO”; Si €€1 Stress 20^000 f° 

6- /?". To find si^e and thickness of plate, p* Scfe pressure on masonry 

fo • Then b-b- 20-12 = 5 . t^Thfckness 0/ plaie in inches as 

tahhe computed by t = 

Q jO /n r\/jn s /O » *7/0 w / ^ 


5 .- Then 3 -b=? 0 -l 2 = 8" 

SiS-bJ- 20x3 =/G0. Therefore from 
tahhe — t ® 

Searing . plate = io^20n.fb-'\ 


VALUES OF PRbDUCT BCB-b) FOR VARIOUS THICKNESSES OF PLATES 



34 


lO'JOO 



ISO \200 750 300 325 350 400 450500 


18.8 


33.3 




000 G 75 150 





tZB 


27.1 2 as 


52.0 4/.7 34.7 370 


750 GO.O 50.0 



(02 &I.4 0,8.0 <32.8 


<590 52.0 


(39 


(0.3 


I9.( 


29.8 


43.0 


58.4 




0.4 3.4 7.5 


(6.7 14.6 13.3 


24.0 23.( 20.5 


37.4 33.3 30.0 


45.3 


70.3 04.7 593 533 


((9 (OS 578 333 


6.3 


(2.1 ({.( 


(1.4 


4.3 4. 0 








5.0 


< 3.9 


(3.9 (1.9 



2S.0 24.0 70.0 11.2 


34.0 371 77.2 23.3 


44.5 




30.5 


47.7 


300 240 700 (55 


(524 (065\ 970\ <5531 7 ( 7\ 533 428 354 328 


333 448 556 


3430 24OD\2(a0\192 O\l&CO (200 942 800 


4410 3270 2970- 2420^2 (80 (435 13to\(090 (005 


4!O0 4270 3880\3420,2850 2(40 (HO (420\i3(3 


(72 (£0 (34 (20 (09 


305 247 237 2(4 (94 


477 417 37 / 334 303 


487 400 533 43 ( 437 


933 3(7 174 


(0631948 853 777 



100 94 ./ 60.0 


118 11 / 143 (22 


718 241 222 19 t 


400 365 370 714 




523 43 1 314 


1(2 454 £10 




I 


COLUMN 


bA5E PLATE5. 


K 


I 


<0 


■ 9Sd 
d 


EXAM PlE ■' Cjvent Load =400t000*^i safe 

bearing pressure of S7S^/°"i 3^20"; r ,, 'i t r 

b--n-;d=i2\ Tc find s/^e and l/„ckness 5 ' Steel siress 70,000*/°" (d l.S.c) 

of plafe. Rrea required - =451",' 5ale pressure on masonry *f°." 

h- o^. ?< 5-<3 A ^ , t’Thickness of plale m tnches as 

2j-8-.8b:.j-. Use (anqer i j i j. ■ • / % ' 

2 / - K-. S 5 d:. i -- one i - S. 6. . compuled by t" 1 or j yj 


2 / - K-.S 5 d.-., -- = 5 . 5 / one i - 5. 6. compurea oy Z" I or j 

From fable if - 3 ./? ‘ ? 0 y ? 3 ^ [t/sa L onj Mvb Jot? ever ts greater^ 



ASLE B -V^LUES OF i OR J FOR i VARIOUS THICKNESSES OF PLATES. 


p 


no 700 7S0 




’A 


a 


7 J _5 i 
3^3 ■ 

AT- El 

1 3. Co 
I 3.5 


5 _ni\ 5 .(i 
7 . 2 6.45 

s.ad/ i.is 

( 0 . r 9. 04 

It.S 10.3 


0,75 

3 . 7 Q> 

750 1 

7 98 1 

4-.01 

3.73 1 
.... ■ 


1 575 

l?. 7 S 


P 


no 700 750 500 0,73 150 815 


5 .^ I £JJ_ 

7. 3 o\'6. 5 2 


£27 

£. 94 


\ 4 d 53 

fe S 7 


, (9.4 

(H.H 

7\ Zl.T 

1 3.3 

3 23.3 

/ 7. 3 




9.(3 


(0.0 6.97 


7.45 


8.70 


S.94 


0.90 


1.56 


3.76 


5k 

p_ 

Sk 


(b 


(ok 


71.7 20.2 18.1 


3 1. ( 
3 3.9 



23. !_ 

3/. 7 


34.6 


2 0 . 6 

23^ 

25.6 

78.4 


31. 0 


(7.8 

r 4.6 

L^A. 

1_6.7_ 

70.1 


((.4 10.4 9.65 

Tsp Thf TJTb 

14.1 13.4 T?. 4 
(6.3 14.9 /3.& 

1 1. 9\~l OA' • 


50.6 





19.6 





( 2. 4 

[3.8 
/ 5.2 


16.5 


36.2 



71.2 19.4 11.9 

25.6 278 20.8 

29.7 26.l'23.8\72.0 
































































































































































STRUCTURAL 


1 - 9 ! 


- . -SAFE Loads on ECCEKlT Rir rnMMPr-rinM<^ 



t-3" 



1 

2 

3 

42 

G 

9 

12 

15 

IS 

2 

15.3 

m 

8.0 

S.8 

4.3 

3J0 

2.2 

1.8 

1.5 

3 

24.3 

18.9 

IS3 

11.1 

5.(5 

5.9 

4.4 

3.6 

3.0 

4 

33.4 

28.0 

234 

17.4 

13.S 

9.9 

7.4 

6.0 

S.O 

5 

4?.3 

37.9 

1 

31.6 

7Sj0 

19.8 

14.4 

tO.8 

3.8 

, 7.4 


6 52.2 JIO 412> 32.Q> ?7.0 19.$ }S2 l2Je 9.9 l 


7 tf /.3 56J& S0.^4l.B 35J) 25.1 19.8 W.l n.5 

& 70,3 S5.8 G0.4. 5Ll 41.1 32.1 2S.1 20.1 17.1 

9 79.3 75.8 ^9.5 €0.4 52.5 39.7 3(.G 2S.2 Zl-^ 

10 882 84.8 79.4 €92 €1.5 40.9 37.$ 30.7 2€,1 

^9^94,8 88.5 79.4 10.1 55.0 44.zTio~3Uf 
12 lOZO 103.8 98.4 88.6 79.3 €3.1 51.4 43.3 37.0 




b-^3'' 

EXAMPLE* 

Z--3: v--/aT? 

P/ veJs , Sing^ >^hear. 
Pegu/red '. P 

from /"oh/e 

P-G5.2. 



1 

2 

3 

4 it 

G 

9 

12 

15 

18 

4 

306 

2L6 

J 

J /.6 

8.6 

€0 

4.4 

3.6 

3 j 0 

6 

48.6 

37.8 

3o} 

i 

22.7 

17.2 

!L8 

8.8 

7.2 

(cD 

3 

€€J3 

56.0 

45f 

iJ 

34.8 

27.0 

}9.8\ 

I4.€ 

12.0 

l(h0 

10 

_34 .g 

75J^ 


500 

39.6 

28.9 

246 

17.6 

id. 8 

\2 

104.4 

34 jd 

82£ 

65.2 

540 

S9£ 

Ijo-i 

1 

25.2 

19.8 

ft 

127.6 

116.6 

H31XI 

1 

83S 

lax 

30.4. 

39.6 

32.4 

27.0 

le 

/40.6 

13!6 

120.8 

102. 4 

86£ 

54,8 

30A 

4/. 4 

34.2 

Id 

t5d.€ 

13/. 6 

159.0 

120.8 

fos.o 

79.4 

63.2 

50.4 

43.1 

20 

176S 

169.6 

158.8 

f584 

IZI.6 

93.8 

IS. 6 

€1.4 

52.4 

22 

195.8 

f89.6 



!7$.6 

i588 

1404 

!f0.0 

88.4 

74.0 . 

53.Z 


24 \2!4j 0 20Z€ m.8 (P.Z^82v?e.2 J02.8 85.6 74.0 










26.2 20.2\ 16.2 12.3 9S 


6 44.2 J4.1 28.B 22.2 





10 8L0 



43.3 34J> 


39.4 41.7 



9 

12 


12.9. 

/o.o 

2ao 

15.5 

1 




I 


4.6 3.9 






22.4\ /&3 /S4 


/2 \l004)\eB.B 77.2 63.1 


)4\f}9.0 107.5 9SS 



10 \l56.0\l45.0\f3l.l ItS.Z 






n4.o\ / 



22 \f93.0 mx) mu> /5?. g /3/./ 


24 





38£ 

30.6 

sat 

39.1 

62.3 

sal 

7S.5 

61.0 

90.0 



^SSS 

IZSB 

100-5 







613> 






3 

tk 

18.9 

15.3 

30.6 

ZS.l 

1 





1-2 15 IS 


6.3 


m 



/S.3 12.6 9.9 9. 




^/yg/7 : UG^N'Q 

$ ^ X ^ K ^/5, S.3. 
Pegu/r^d : P 

from 

p ^3o.e. 


10 79.3 69.^604 49.6 


\ 


IS. 3 !2.€ 



12 96.4 85.6 75.5 G4.l\34.l 


3L5\2S3\2a8\n.l 


32.5X21.1X23.4 


It 




91.9X79 A\57.7\S?.3 41.4 34.3 29.8 


IG I/35./I/235I///.9 96.5 83.0 54,0 SLA 43.'^37.0 



18 \J534> 


20 


22 I9/.0 


2A\70io\/9%o 


130.9 



99.3 77.5 62.2 52.3 44.2 



1433 f3Jj\//S.S 





JSfi.s\/3kS\/064\S73\7Xl\6XI 


/2/.8\f0/j\84.7\73.1 



TABLE B- COEFFICIENT X'! 


K y P !n Table A 
3.3. = S/np/a bhec 


g/ve.s Jaad.s for a/her >7/Ve/ 
% "t ^ lAfeh or P/<a/e /h /aAne 53 f 


Gon cd/fj ons - 

^ G <D tj bJe She 



A.I.S.C. CODE 


SiWGLE BEAR. SS. DOUBLE BEARING 









^4 ^/S '^S '^6 





m 


Ml 


.88 /.;/ /.33 130 110 139 166 ISd\22a2.49\2£l 


2.00 


104 123 ItB 


66 




N. Y. CITY CODE 






SINGLE 

BEAR. 

El 

^/6 

•^9 

’■/G 

-66 

.53 

100 

l./g 



DOUBLE BEARING 


D.S. 




mm 


.58 .73 .81 


.30 .61 





.66 


lEI 



^!6 


.53 

lot 

124 

\.t6 

1.66 

.73 

.91 

/.09 

127 


.G2 

.78 

.93 

LOS 

1.25 








164 



1.80 





^o/e : H43ere S~ 2^Z far3//yg/c //r>c 

for ap prax/ m afe Va/iye.s . 


a/td b^ 8^2 and 2^2 for Doable I/ne, ^xse SS% of ’'P" 































































































































































































































STRUCTURAL 



TABLE A 


LALLY COLUMNS/ 


SAFE LOADS IN 1,000 LBS. 


OuTS'DE ^ V. 
Djx. of 

COLUMN' g 

INlNCHtS,^ 5 




*0 S 

0 ^ ^ ^ :i ?3 5 ' >' 

^ ^ ^ 5? ^> V 


•^V t ^ 


^ ^ ^ - jS 

V, Q ?: « 


Unbraced Length of* Column in Feet 



12 13 



l€ 17 18 19 20 


CCENTRIC 

Loads * 

tS'T^ 

Ipoo /p5, 

5e added, 
for each 

/0,D00JnJbs. 

Moment 


i.5 ' 8.4 n.S 2<^ 24 22 20 Id /G 15 

f 

./.9 iS.l 3G 33 31 29 27 25 22 20 


:c 


^ n 


z:^ 


1 ■■■ M* >1 

1 

24 ' 

^ “ 1 w* ^ 

3.2 

12.1 /i/ 

1 

> / ' i.: 

1 

, ^ 7 

X 

1^.0 1^ 

i 5 ^5 

1 

: 4.3 

■ 

i 20.0 18.7 

4s 

' 5.C 

269 22.4 

. 1 

' 2>4 5.5 1 

<9.9 

367 259 

1 

5i 8! 2,. 2 

6.4 

50.0 2ai| 

9/ 97 299 

■Q.c \ 

628 i2.5j 

C4 23 38.6 \ 

’.9 

739 3671 

24 -OS 59T| 

t 

i4^ 

i>d^' 43 71 


7.4 IL 6 38 33 32 2$ 27\ 24 

3.9 /3J 49 4G 43 40 Jl 34 3l 26 

12.1 /i/ C2 5 9 55 52 49 4G 42 39 3G 33 

!&.0 IG 6 7(2 12 GB £5 62 56 55 iV 44 4! 37 

20.^}^ 5! 47 4i 

2^ 22.4 123 124 / 20 1 1 6 I ! 2 ! 08 1 03 99 95 91 81 &3 7Q 74 70 


j 2Sg|/(Sg /g/ ! 51 152 148 143 139 134 1 30 125 121 IIS, III 107 102 

Q si Si z;.2 8.4 5Q0 Tailz// 20& 20! I9S 191 186 I8l 176 171 I&S/ 6I /56I51 140,141 

\ ._g-^ ; -Q.c G23 254 248 243 237 232 227 22! 210 210 205 199 194 188 183 

C2 23 38.6 I '.9 783 3&.7\3 19 5l3 307 30! 295 289 284 278 272 26S 26,0 254 248 242 23& 

— g.g 50.^ <i4 .s\i ,s, 43.7X422 415 409 402 3 96 389 383 376 370 JS>3 357 35(^344 337 331 

heavy //nes denote the greatest safe length for l/r^^IZO ' 

Cdum- P^fAc v 72 A, )(/Goo - 24 //d)- /n ojh/ch p-~3afe carrying capacifu in 

:: a f s fee! in .g./n., i^ lengi^ o/coZ5^n^inc, 


13.3 
! 1.9 
10.8 

9.8 

8.7 

7.4 

g.7 

5.8 

5.4 

4.9 
4.2 


a.D.cn.e^er of co.'umn in inches. ^ ur oo,umn ;n ,ncnes, 

\y^ add the numher of A>ps ehocvn to the sum 

JABLL B-STANDARD BA 5ES__8c„ CAPSTH [Ixampue Or IlFMr.N n, I .v r^, 

i v.TH LccLti,,. 

I’ : I ■*■ f Tl ■^-• '4-- , I — — ^ ■ — 

.. IC’^f^r'ii.nuK J-^. r» \ 1 --X-XZV ZI— . QO kipt 


, C^f.'raOuS 

fye/d. 


^Contraoul 
Held, d 


\< r -? 


:>,:£ OF 

^ ^ ifc • ^ 


Dl STANCE ‘D 


" / Jf-cr - - JZ/ . 65./ Si^. IjjL 

3'AV, 5,;r np . P THJCKNtSS Of _ 

3^ 3a5e I n^niK. Plate Distanced 

Collvl Plate ;'i.ooo lbs[ rT?" ^'"cap"'’ 

.. d, 3'\ 32. 0 i' 7“ 3^’ 

. . .‘‘1 S'x3’ 40.5 i’ i" 3^■ 


Thickness 

OF 

Cap 


Example Of Design Of La lly Columns 

IViTH Eccentric Loads. 

50 kips 

Of^ten: 6-0 Unbraced delghf of Column. I 

Copcenhtci oad = 80 k/ps , '=j= U=j 

Cne eccentric had of /Ok/ps. ^ iP^'fi 

’* '' " - Skips. tYL 

^ee sketch. \l / 


ipfopx 


Z>2 
c ' 


A±^ 3^.^ 

S'xS' 40.5 
1 — 

0 x/^ 50.0 
Zx.2'\ 72.0 


3i 


4l‘ 


I ., 

2 


i 


32" 

3i 


42' 

4i 


df'' 'f:'.. .980 

_ 23 0 

- :020_ 

- ^i'l2pi20'_ 20ao_ 

9i'_ 22V?2'| 24 20 

ipj'... Ifd2j5i 288.0 

24' 28 x( 23' 392.0 


/ ' " 
_/4 

Lt 

li 


II 

t 

4 ' 


44 ‘ 

4 4- 


5" 

it 

64- 


_2 

24 


t 

I 


Adcpted from the Ui.llu Col. Co 


54' 

st 

At 

7 4- 

it 

84' 

9' 


• n 

2 

t 

t 

I- 

t 

i- 

I* 

3i 

4 


Required size ofco/umn. .V 

o> 

Solution: /lisume a co/umn 

g i" Diome ter. ^ 

Direct lood= SO + IOi-S-.9SAips. 

He su/tant eccentric /oad.= 

10 - 5= 5 kips. 1 ,1 1 , 

Bending Moment^ 5(^%f2)-- 26,5 00 in. ids. 
From Tat/e A for a ii'lOia Coi. The equivakn. 
d^^^lioad-^§0§- X7.4: / 9. 5 kips, 
tcgufifa/ent TcfatLood -95ti9.5--Ii4,5Hips. 
f^orn TaS/e 8 a (SS^diameher cuith 

9-0 unbraced height is good for 

flC> kips^ . . Dia Co/, is reguired^ 








STRUCTURAL 


('35 


In accordaoce with 
Deaien Spccidcations 
of Steel Joist Institute. 


OPEN WEB JOIST 

ALLOWABLE LOAD TABLES 


\ 

) 

1 

X>IIT ! 

1 

1 SPAN IN 

1 ntr 

SAFE 

LOAD. 

LBS. 

81 

8 

8 

9 

10 

11 

12 

13 

14 

246oT 
2180 1 
1970 1 
1780 1 
1635 1 
1510 1 
1400l 

I 

10 

950o| 

1 

11 

3180 1 

1 

12 

29201 

82 

13 

2690| 

1 

14 

2500| 


15 

2390| 

1 ^ 

16 

2190 1 

1 

12 

3500 f 

1 

1> 

3230l 

1 

14 

3000 I 

1 

15 

2810 1 

102 

16 

2630| 

1 

17 

2470 1 

1 

18 

2330l 

1 

19 

2210 I 

10 

20 

2100| 

1 

12 

390o| 

1 

13 

3900 I 

1 

14 

3900 I 


15 

3640l 

103 

16 

3420 I 

1 

17 

3220| 

1 

18 

3040| 

1 M 1 1 

19 

28S0| 

1 ^ 

20 

2730| 

1 

U 

440o| 

1 

13 

4400| 

1 

14 

44 O 0 I 

1 

15 

4400 I 

104 

U 

41701 

1 

17 

3920 I 

1 

18 

3710 I 


19 

3510| 

1 10 

20 

3540 I 

1 

15 

40901 

1 

16 

384ol 

1 

17 

3C10| 

1 

18 

3410 1 

123 

19 

3230l 


to 

30«ol 

1 

n 

& 930 I 

1 

81 

87901 

1 ^ ^ aa 

83 

8670l 

12 

84 

8950l 

1 

19 

4600 1 

1 

16 

4600l 

1 

17 

49 I 0 I 

1 

18 

4860l 

124 

19 

4O40l 


20 

3830| 

1 

81 

3650| 

1 

81 

3480| 

1 

83 

S930| 

12 

24 

3190| 

1 

15 

toopp 

1 

16 

5 OO 0 I 

1 

17 

9 OO 0 I 

1 

18 

9 OO 0 I 

125 

19 

49901 


to 

4740 1 

1 

21 

4510 1 

1 

82 

4900 I 

1 ^ t $ 

29 

41t0| 

1 12 

24 

3990| 

126 

15 

16 

5400 P 
5400| 


Req'd Spacing for Loads per Sq. Ft Shown 




s 

0 

3 







a 


29 26 
28 25 23 
24 21 20 
21 18 17 
18 16 19 


90 
29 26 

28 25 23 

29 23 21 
22 20 19 
20 18 16 
18 16 15 


30 2« 
30 28 25) 
27 25 23 
29 22 20 
22 20 18 


30 



30 

88 

3 

85 

21 

23 

22 

30 

ts 

25 

28 

21 

20 

19 

If. 

89 

85 

21 

20 

19 

18 

17 

86 

83 

21 

19 

18 

17 

17 

16 

84 

81 

19 

17 

16 

16 

15 

14 

It 

19 

17 

16 

15 

14 

14 

13 

20 

U 

16 

1 

14 

14 

15 

15 

18 








30 







30 

28 



1 


36 


28 

24 

27 

25 



30 

29 

86 

85 

24 


30 

28 

26 

2 

24 

23 

28 

yo 

88 

26 

23 

22 ! 

21 

20 

19 

29 

26 

23 

21 

20 

19 

19 

18 

27 

24 

21 

19 

19 

18 

17 

16 

24 

22 

20 

13 

17 

16 

16 

15 








30 


12 


18 16 
16 15 
14 13 


30 28 
29 27 


JOIST 

X 

* w 

SAFE 

1 Ck^t\ 

Re 

>q d Spacing for Loads per Sq. Ft Shown 


< ^ 

k/i 

LBS 

C 

10 

S 

0 

0 

c 

rt 

0 

M 

a 

0 

Kv 

0 

C 

St 

s 

> c 
1 r 

> c 

■ « 

5 c 

' 8 

— , , 

: 

5 





rH 



pH 

rH 



1 ^ 

1 » 

4 ^ 

< N 1 


n 

5400 





= = 

" 

30 

2S 

► 27 

25 

2i 

1 2i 

! 23 

' 2C 

> T?] 


16 

5400 






30 

29 

' 28 

: 26 

24 

22 

: 21 

2C 

) 19 

16 


19 

5400 





3C 

28 

i 27 

26 

■ 24 

22 

21 

2C 

> IS 

) 18 

17 

126 

20 

5400 




3C 

) 28 

: 27 

26 

25 

E 23 

21 

2C 

1 IS 

' 10 

! 17 

16 

CON'TO 

21 

5400 



30 

' 28 

I 27 

26 

. 25 

23 

t 22 

20 

19 

' 10 

1 17 

' 16 

15 


22 

5500 


2S 

) 28 

26 

; 25 

: 24 

23 

■ 22 

: 20 

19 

18 

; 17 

16 

i 15 

14 


25 

5060 


2S 

E 26 

24 

1 23 

22 

21 

20 

1 19 

18 

17 

16 

15 

> 14 

13 


24 

4860 

30 

26 

21 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 



16 

5800 










29 

27 

25 

24 

25 

22 


17 

5800 









29 

27 

25 

24 

22 

21 

20 


18 

5700 








50 

27 

25 

24 

22 

21 

20 

19 


19 

5480 





50 

29 

28 

26 

25 

23 

22 

20 

19 

18 

17 


20 

5200 



30 

28 

27 

26 

25 

24 

22i 

21 

19 

18 

17 

16 

15 

145 

21 

4950 


30 

' 28 

26 

23 

24 

23 

22 

20 

19 

18 

17 

16 

15 

14 

22 

4750 

30 

28 

26 

24 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

13 


23 

4520 

29 

26 

23 

21 

20 

19 

19 

18 

17 

16 

15 

14 

13 

12 



24 

4540 

26 

24 

22 

20 

19 

18 

17 

16 

15 

14 

13 

12 

12 


I 


25 

4160 

25 

22 

20 

18 

17 

16 

16 

15 

14 

13 

12 






26 

40001 

25 

20 

IS 

17 

16 

15 

15 

14 

13 

12 







27 

5650 

21 

19 

17 

16 

13 

14 

15 

15 

12 







14 

28 

3720 

20 

18 

16 

14 

14 

13 

13 

12 









16 

6200 










50 

29 

27. 

26 

24 

23 


17 

6200 










29 

27 

26 

24 

23 

22 

1 

18 

6200 

< _ 









30 

27 

26 

24 

23 

22 

21 


19 

6200 








50 

28 

26 

24 

23 

22 

20 

19 


20 

6200 







30 

29 

26 

25 

23 

22 

20 

19 

16 

^ IJi 

21 

6200 






50 

28 

27 

25 

23 

22 

21 

20 

19 

16 

146 

22 

6200 




30 

29 

28 

27 

26 

24 

22 

21 

20 

19 

18 

17 


23 

5940 



50 

1 

28 

27 

26 

25 

24 

22 

20 

19 

18 

17 

16 

15 


24 

! 5690 


30 

28 

26 

25 

24 

25 

22 

20 

19 

18 

17 

16 

15 

14 


25 

5450 


29 

28 

26 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 


26 

5230 

30 

27 

24 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

15 

.12 


27 

5050 

28 

23 

22 

20 

19 

18 

18 

17 

16 

15 

14 

13 

12 



14 

28 

1 1 ■„ 

4880 

26 

23 

1 

21 

19 

18 

17 

17 

16 

15 

14 

13 

12 

1 




16 

6800 












50 

28 

26 

25 


17 

6800 






1 





30 

28 

26 

25 

24 


18 

6800 










30 

28 

26 

25 

24 

23 


19 

6800 





1 




30 

28 

26 

25 

24 

22 

21 


20 

6800 









29 

27 

25 

24 

25 

21 

20 


21 

6800 








30 

28 

26 

24 

23 

21 

20 

19 

147 

22 

6800 







30 

28 

26 

23 

23 

22 

20 

19 

18 


23 

6800 






30 

28 

27 

25 

23 

22 

21 

20 

19 

18 


24 

6800 





50 

28 

27 

26 

24 

22 

21 

20 

19 

18 

17 


25 

6560 




28 

27 

26 

25 

24 

22 

21 

20 

19 

18 

17 

16 


26 

6500 



29 

26 

25 

24 

23 

22 

21 

19 

18 

17 

16 

15 

14 


27 

6070 


30 

27 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

14 

28 

5850 

30 

28 

29 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 


20 

6400 








29 

27 

25 

24 

22 

21 

20 

19 


21 

6400 






30 

29 

28 

26 

24 

23 

21 

20 

19 

18 


22 

6400 





50 

29 

28 

27 

25 

23 

22 

20 

19 

16 

17 


23 

6400 




30 

29 

28 

26 

23 

24 

22 

21 

19 

18 

17 

17 


24 

6400 




29 

28 

27 

23 

24 

23 

21 

20 

19 

18 

17 

16 


25 

6180 



30 

27 

26 

25 

24 

23 

21 

20 

19 

18 

17 

16 

15 

166 

26 

9950 


30 

27 

25 

24 

23 

22 

21 

19 

18 

17 

16 

15 

14 

14 


27 

5790 


28 

23 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 


28 

3320 

30 

26 

24 

21 

20 

20 

19 

18 

17 16 

13 

14 

13 

12 



29 

3340 

28 

24 

22 

20 

19 

18 

18 

17 

16 13 

14 

15 

12 




30 

9150 

26 

23 

20 

19 

19 

17 

16 

15 

13 14 

13 

12 





91 

4990 

24 

21 

19 

17 

17 

16 

13 

13 

14 13 

12 





16 

92 

4840 

22 

20 

18 

16 

13 

13 

14 

14 

13 : 

12 







20 

7200 









30 28 

26 

25 

24 

23 

22 


21 

7200 









29 27 

25 

24 

23 

21 

20 


22 

7200 








30 

28 : 

16 

24 

23 

22 

20 

19 


23 

7200 







30 

29 

27 23 

23 

22 

21 

20 

19 


24 

7200 






30 

29 

28 

25 24 

22 

21 

20 

19 

18 


25 

7200 





30 

28 

27 

26 

24 23 

21 

20 

19 

18 

17 

167 

26 

7200 




30 

29 

27 

26 

23 

24 22 

20 

19 

18 

17 

16 


27 

6940 



30 

28 

27 

26 

24 

23 

22 20 

19 

18 

17 

16 

15 


28 

6690 



28 

26 

25 

24 

23 

22 

20 : 

19 

18 

17 

16 

13 

14 


29 

6460 


30 

26 

24 

23 

22 

21 

20 

19 : 

18 

17 

16 

13 

14 

13 


30 

6240 

30 

28 

23 

23 

22 

21 

20 

19 

18 ; 

17 

16 

15 

14 

15 

12 


91 

6050 D 

29 

26 

23 

21 

20 

19 

19 ; 

18 

17 16 : 

13 

14 

13 

12 


16 

92 

9860|| 

28 

24 

22 

20 

19 

18 

17 

17 

16 15 

14 

13 

12 




Af o X / r7^ cr/~n rGcommencf&cf s/>oc/n^ of open iveS Jo/s^s /s 24** for f/oors and 30'’ for roofs, 

A// floor Jo/s/’s spo/jrj/ ovQr /Z'OdhooId Bg s// ffened a sfruo/c/ro/ ^ofe/y decydrr 

< 7 / mid Sjocrn ir> odd/f/or) /o rJpJd ^roc/r7^ spoeed Q-O'' o.c. /-n < 7 x / rr^ u rr-> • 

^Adap^Gd frann 5in^/^ton , M^nuAf of Sfrucfurdk! Design, If.M. /i^es d^ors 


i-ei^ 


STRUCTURAL 


WELDING 

^ - Face 

> rToe L_ 


DAT/\ 


- RetnForcemen-f- 


Rooi 





Rooi 


Rooi 


FILLET 

- Ci'5’ 


5loi- 


&UTT AND 

Fiifecf for 

or 5/o^ 



ROOVE 

FUlei h/e/<fs 

for Sfof on/y. 


1^ 



Fay '^S "^urfoc^ 

PLUG OR SLOT 



These 

of ton 


'/'ypes of welds are used separately or /n com bin 
in maktny joinh or in joining Component parts. 






&L)‘LT Cor m er edge lap tee 

types of JOIMTS 

De^a,/s of O// jcn-^s sho// comp/y tv/M o// requ>ren?enf; 
for prequaf fecl jo,nls of fhe ffmer/con k/eMnp 5 oc. Code. 

T^6LE A - SIZES OF FILLET WELDS 


Minimum Size of 
Fillet Welo • Inches 

JT 

f<h 


Maximum Thickness 
OF Part in Inches 


/Q> 


i: 


?'■ 


Max 1 mum 

Size 

assumed in destyn 
of connection shaft be 
such that alloufable 
Stresses in adjacent 
base material shall 
not be exceeded. 


Over 


j-Enjgth of welds 

“// LTTS '■ Ti ''"'f of 

Til ill around corners. 

tL of pari j'ofned. 

effecti ve areas of weld metal 

p ,t i ! yi^^? f ^ surface. 

.del Welded P/ug or 5 /ol Welds - ^5 F/Hel Welds. 


SKETCHES ILLUSTRATIVE OF JOINTS PRE 
dUALlFlEO IN A.WS. CODE. CalSO, FILLET 
WELDED JOINTS ARE PREQUftLI FI ED.^ 


CrOT(5. ' 



oro’(»i 4 ) 




ThroAl T>><lir««s. T#OTOT[Si*||-t*] 

FfLLtT-ftEINFOftCCO ©UTT 

weuoeo ree jo/nt 

Pid. Cl 


j T mm 
Mox T - 1 ^* 

0«N SQUAftt-ftUTT JOINT 

wecoeo ecTH 
f^a ct 





o to I* — 




• . • 


.. A *® k 

A mm 


S<NaLe»V BUTTJOIWT 
WBLOED 60TH SfOCS 
ritf.c) 






I 


td^ for/ 4"'* 


0>oi* 


single ^tVtL 6WTT JOINT 
WCLDCD 60TH SlOeS 
Fia.C4 


T* 




ft *« i 


m»r\ 


5lN6Lt-V 6UTT JOINT, WCLOCO 
ONE Slot OM GACKiNC STXUCTUte 
fIG.CS 


{ 4 $* «n Kor*CDnf» 
to*- oH^r 

position* --'-pv 




mi^ 


T' v^l»mifod 


■i -) 

■t-A-f 

- dio 4 


SINQUE^U ftUTT JOINT 
WKLOeO BOTH SIDES 

Cll 

45^ In horizootol ooMftofs 
Mm 4 P-<nofK#r . 

pc»>»«on» |~ a^l 

I 7^1=1 i'“i’ 

T-vAl.m.f.d 4-0*t9i' 

DOUGLt-U 6UTT JOINT 
Ft«. Cll 




o-tcA- 


Ma*T.i* 

SaUARt-BuTT JOINT 
WCLOCD ONt SIDE 
fia. CIS 

nood Aof ^ <^ipp<d 
^for^ w«Mm9 Mcond 

i~r^ C7 ' 

' o'to VT 

CN*ef.»« Throot rh,ekn*i».|T 
Mo.T.^* ■ 

SOLARt-euTT JOINT 
WtLDtO 60TH SIDES 
Fl«. C 14 


ft 


<490 J -J - L— ^ 

hcr>tcr*^m poojtion 

SINGLE SEVet ftUTT JOINT. WtLOtO 
ONt SIDE ON SACKING STtUCTUEE 
Fia. C« 



T •m'*! 

%l9 “ 


j ti'oj 


I, , 

^ ^ mm 

OOUSLE OtVtL 6UTT JOINT 
FIG C8 

| 43 ;'n Kor-iorifol po».»ioo 

%A>r, ^(5 . m of K#r ^ 

-| _ ^ 


I m.n. 


0 *to ^ 


5/N0Lt*J BUTToOINT 
WCLOCO BOTH SIDES 

« 

[ 45 * .r> Konzoot^l pM^fion 
[po».».or.» O^TLv . J“ ^ <® k' 


/ 




T- vnlimiHd ^ ^ D ^ 4 

OOUBLB*J BUTT JOINT 
PiB CrO 






4 to 4 


mm 


O'loj' 


tH<ctiv« TKnMt T>«ckn#M 

SlNQLt*V BUTT JOINT 
WecDBO ON£ SlOe 
Pia. cie 


T • unfimi^^d 


? I 


Lowor cddt kfrJj L i 

fioriiooSl po»»*ion « 

SINGLE Bevel butt joint 
welded one side 

PIB. err 


T 


of p/o^ 


Mai 


Cd9« 9^ rolUd 
Wcr.oa 


Ei 44 «f»v« 2 X 


^ T 


tor T 


MO* F,||9t • T 

tOfiE fillet welds 

PIB.CI4 


T > T, 


«>.7^Aoo;nw77:r 


/7 


^ T mm 

THfOof Xhlckrh#«i*|x 

Mo* T . ^ 

OPEN SQUAftE-BUTT JOINT 
WELDED ONE SIDE 
PiB CIS 

iVe/din g 5 oc 


L»L_»Tl*^j«.. J. 9J 

nor H>on r 
5 ^Of '^^ired 

double Fillet welded 

LAP JOiNX 
PIC CIB 





i-ec. 



STRUCTURAL 


ALL0WA6LE ECCENTRIC LOAD ON WELD GROUPS ON KIPS.). 


FORMULAS: 


P , 

D 



r 


< 


g 

/n.) 


VALUE Of= ^/d for single FILLET WELDS 

Ay I 


For Single Fillet Weld. For Butt Wild. 

Example:- (Fillet Weld) 

Given • P (Load in kips) ^50 
a (Moment arm)* V" 

D ^F/iiet Lueid size 
Fe^aired: 2 " 

P/D = So^ ftom TobieA L=/G “ — — 


' V I + 1 VALUE OF ^xKe? FOR BUTT WELDS 

For Butt Wild. 


/9 3 d 

n ij_ 

2 l_ 

15 


P Example: :( Butt Weld) 1 

EH let "fy 0 /Hen: P> 35 ; 2 ’ j 

tVeM. ^ t T (Throat of cue/dy i" i 

P/T X '//.67 = 50> ■, FromTableA L^/O" i 

B^Jff ^ Check length for shear j 

Ifetd. *■' + ^ -T 2 - Use forger xatue. ‘■ 

Vg/f ■- ron tu.'o u/etd s, use 0 . 5 P/p , 

FORMULAS: ~ ' 

P. 9.(iL Tension-. / = - , 


a 

5 

51 

76 

5 ! 

72 

4 ! 

6 ! 

32 

5 ! 

25 

42 

2 ! 

- . _ 

3 G 


10 (2 


16 IS 


96 115 134 I 53 \ 173 

91 /// 131 Ts/^Tto 


8 ^ 

7 / 


18 


I IZ \ 9 Z\I/ 2 \\I 33 

64 62 I0l\ 122 

17 ^ 

50 42 56 72 

25 36 49 <S2 77 


/// 131 151 \ no 

123 /isj 163 
92 113 I 33 \ 154 

6! 102 123/ ^ 

TZ 92 7 a?| 133 

64 62 JOl\ 19? 


if 

19 


25 36 


t+ ^ 


Tension-, sJ 6 _L. 

\ T ! + 60/l 


- Co/np.:^ -£ 
rOR JINGLE fiLLET WelU. For ButT WelD. 

t I Por : (FfLLET IMeld) 

I I — P>25ia^3]D'.i^:Req.rL 

■^1 I P/0=G7; FromJabie B, h 


(VALUE OF % FOR SINGLE FILLET WELDS 
TABLE B ] VALUE OF ^xM .67 FOR BUTT WELDS IN TENSION 


for0^235L 


V7 

Vj. 'J 

H 

•5ri 


•vi. 


FiHef 

kie/d. 

duff 

Weid. 


FORMULA: 


Pi 





0 JN Tension) j 

Given; P-.Z5- a: 2 "-, T-^JiFeg .-T f 

A(, 7 '^C> - f/rvn 7bh/e£, L -/Of [ 

Example ; ( Butt Weld in Comp.) f 
Given-. P-2S-,a^ I/'-, t/". Peg-:!' l 

PA X 1/2,00 z 32 ■ Fro/n Tobie B, L- 8" 

Note; For two tiHef u/eidi . ute 


VALUE OF P IN KIPS FOR "d - 3 

VT 




I I 32 II /S I 77 \//3 \/S 4 


PSi 38 \ 5/11 2/1 ^ 2 \l 33\/^4 


\ S 4 I ' 72 \\ 24 \I 07 \IQ 2 \ 2 I 4 


I G 9 \ 32 



1 

2 

4 

e 

8 

lO 

12 

14 

16 

^ f 91 9 4 

-■ 

18 

k 

0 

13 

38 

57 

76 

96 

115 

134 

/ 53 l[ / 7 s 

1 -i -4 

7 

?! 

58 

5 G 

74 

92 j 

no 

i 2 s\ 

1 

/48 

1 1 1 


15 

23 

44 

€0 

76 

94 

/// 

129 

t -Ai 



23 

36 

SO 

66 

&/ 

f 

sal ns 

I 2 


1 


30 

43 

57 

72 

1 / 9 7 ll ir\^ 






33 

^ - 

5 / 

65 

w t 1 

7 s| 

94 

L -■Ll 




— , H 

^ 

^ 54 ._ 


- 53 ^ 


86 

4 T 






38 

49 

6 } 

74 

5 r 

— 






42 

53 

64 


'^ALUE of P in kips. 

fo/ues m Tab/e D i i r - 

CpAruiotedus/hg 1 / I 4 " S’ ^ 

method on pj-^S^ ^ \ 



'3oF> Sides 





10 


12 



168 


I49\l98 


IS \ 6 l\ 9 l \i 22 


27\I23\I84\24G 


50\I58\Z06\276 


SB 


Dr.l n 


Fir^efd. 


I0\44 \ Gg\ 88\ 24 \lf4 

12 I 54 \ 8 ! \I 06 \ 27 \l 30 



260 


Example: O/ven ■ I ^ /o"; 0‘ 

Rec^uired P 

From TabieC, P^ 54 kips. 


^ormuia used js from ^^rTwi^eTstfj^^ <^^cepf 


, 15 I 69\i04\i38\30 | I45|P/5 

Note: Investigate beam web for shear. 

Example: Giyen:L=)0'‘; 

Required ; P 

From Table D, P- GG kips. 


Tab/e C, where 


as shocon on p. h 02 




























































STRUCTURAL 


1-37 


WELDING 


Shop 

■h/elds 


details 

Y— 


Shop 

Welds 




Shop Welds. 




FIG. A 


FIG. B 

COLUMN BASE 


u 




details 


FIG. C 


|l 


II 


free // 0/1 
foifs. 


— 

- 




il 

1 1 

1 

^ Field 

1 ^ 
n 

;lt 

^Weld^ 





Shop 

Wefa 


r 

n 

II 

H 


1 


1 


1 

* 


FIG. 


¥ 


/ 

L 


COLUMN 


FIG. 

■SPLICES 


( preferred) 


I 


Shop Weld 

Brace F/onges 
of Column /K 
/^equ/red. 


F1<S. F 

COLUMN BRACKET 


i'dd 

Welds 


Shop 

Weids 


Field 
'Welds: 


Shop I 
Welds 


7- Section 


FIG. Q 
COLUMN 

Field conn, bolted 
or welded^ 

I 


1 

1 

t= 

y — r 

J 

1 

( 

•- 


\ 

1 

■1 \ 

1 

1 




Seat. 


riQ. H 
^NNECTIQNS 


Field Weld^ 


FIG. K 

COLUMN FLANGE 




NOTE: limitations do 
not Qppig to joints 
designed for full 
conf/nuify moment. 

CONNECTIONS 


FIG. L 

BEAM TO BEAM CONN. 


5x5 

fig. M 

TEE CONN. BEAMTOr.OL. 


PLA,N 

fiq. n 

SPANDREL 


beam CONN. TO COLUMNS. 


NOTE-.- The odoye connech'ons haye prayed jahsfac^oru j'n oryyyh'rx. 

seee^apnp/es g/yen be/oux. For dgnam/c /ood/ngjfohgSe afd Sey/tfF SF/fres^eV^FTd 
of/)yner/con }Ve/d/na For/p^u. OuerAp^p F l/ ^'''‘=^9^ prach 

Fgn oof) erg pass/ b/e 


ce, 


F/onge 

Web 


"Shim 


f/onge fn cooling o f weld^ 

causing ^ss/b/e <ueld fracture . 

Precaunon ; Pro^/de shims 

befiueen fhnge onda/eb u/h/ie 
lue/d/ng. 


■We/d 


typical girder flange. 


... NOTE: Direct connect /on to 

'"1 rigid SLwportwi// be subject 
I to bencufgstns/h hoy/ngc/n 
I angle o due to rofof/on of 
( end of beam. 

I_ ! Precouf/onepeep use Ids 

~ w/th/n //mffs S/hocon /n 
P/g.A ado ye. 


1 

— » 4 -r 

i - 



NOTE: Butt u/dd should be 
made dear across Joint 
in thin layers. Ifwela is 
/node as shocun, finolu/eld 
/nay crack due to restraint 
against shrinkage bu the 
initia/ u/eld. 


rigid connection 


NOTE: F/M we/d 

subject to bending 

about ksngitc/dina/ 

axis /h either 
direction should 
hot be used. 


■BUTT JOINT. 


UNSAFE FILLET WFLp, 


NOTE-Snipping of 
stiffeners and 
other s/mJar 
proce dure ore 

' — ' suggested to 

oyo/d bi aria/ 

rigid/fu. 

snipping 


^'st/hg haded beon 

N 0 Tf: Weld urc^sir 
ab/e due to tempo ' 

rory orpe/mysne/^l 

damage to f forge 
and because ir/s 
on arerhcod rue/d. 

INCORRECT. 


'^xistHfg/ooded beam. 

NOTE: Conn, Tee 
member luider 
ihon Pange. 


RED lights in WEL DIMGI 


Correct. 

hanger. 







WOOD JOISTS 


TABLE A - 

Now. Ac+ual Mom. 

Size Size 5 Size 


2n4 


2x6 


2x5 




li A si 


2 aIO 


2aI2 


2aI4 


//x7i 


// X 


/i x//i 


/S X I3l 


8.57] 


/5.3 


24.4 


49.4 


3x4 


5%G 


3xS 


5x10 


3x12 


3 xI4 


Actual 
5ize 


4xj/ 


j.AF E LOAD CURVES 
, SE CTION MODULI zs 

_Nom. Iactuau 
3 


5.75 




2ix77 


2iA9i 


2ixll^ 


2ixl3^ 


138 


24. G 


39.^ 

57.9 


79.7 


Nom 

5>2£ 


4x4 


4x G 


4x 3 


4x10 


4x(2 


4x/4 


1^50 


Actual 
Size 


j/x 


3S xSi 


3i X 7l 


7.34 




GxG 


G X 8 


GxlO 


52x12 


52 X 9l 

Sjjlli 
5: xlSi 
5z X yfi 


SUG 

82.7 


0 



72xSi 


5 

70.3 ' 

Nom. 

She 

W X 10 

IGS 

10>.!2 

10x14 

226 

WxlG 


Actual 
Size 

9hlii\_209 
9hl3]\289 


9ix/i? 380 


0 



Ca^i^es shoLu span and load of which bending stress jn joisfs is 1000 its per so /n 

Dashed Corines show span and load which will cause a deflection of I/5GO of the soon 
based on Modulus ofElosficity of E= 1,000,000. 

^^ress governs the si^e ofjcsis unless piasferrd ceilings or speaf, codons 

call for hm fed c/e flee t ion. 411 joists with foaas greater fhen shown m Eg BeCmusf be coecsed for hor. sheen 

roro/foujoble working stresses and moduli of eiasf/c'tg seepages /■03dcl'04. 


L K<7rr,p/e i/yo Load (LL) - 40 Lbs. per Sg.Ft, Dead Load (D.L )-- 20 Lbs. per Sg. Ff., Span lJ- 

/<S ’0 s Erress (f)- woo Lbs. per 5gfn.,E ° 1,000,000 Lbs. ^ 

ReQuired : 5/ze and spacing of Z” joists. 

dojufiQn ■■ En fer F/g.daf IG'spon and GO Lbs fofo! ioad and find Inlersecdon 
be/ou) 5olidCur/e of 2xl0~ i2"o.c: .\ 2xl0-l2‘oc ore good fbr bending. 

Check def/eefion for live ioad of 40 Lbs. Enter Fig. R at iG spon and 40 Lbs load 
and find intersection beJoux dashed curye offxiO-d'o.c .\ 2x10- /Foe are good for defection. 

t desired, enter Fig. 8 uxdh food of GO SO Lbs. for bending, and load 

of 40 X ^ = S3 lbs. for def/ection. Proceed same as above. 

Ejcampfe ^iy£n LL.^ WO Lbs. per Sg. Ft.D.L’^ 20 Lbs. per Sg. Ft. , Span -WW^worhinn stress ^200 its 

and E^ 1,200,000 ^ 

Regained '. S/ze and spacing of joists. 

Solution: D ecrease total food in proportion to stresses - i?0x jS§§ = WO Lbs per Sc ^t 
Enter Fig.C at IG'span and iOO Lbs load and fmd intersection beJoai Solid Curye for 
3x10' l2"o.c. 3x W -IZ'^oc are good for bending. 

Check^dejection- decrease def/ection for /iye food in proportion to £ or 
tOOx 1 - 200.000 = 83 Lbs. Enter Fig.C cjt /G 'span and 83 Lbs. - find infer section aboye 
^ dashed curye of 3x10.’. Use 3x12 ,f deflection has to be less than /jio ondif/2"oc desired 

tf /6 oc spacing IS desired, decrease ioad os abore and proceed a sin Eszompie /. 


t 

a' 
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TABLE A -STUD PARTITIONS. 




LOADS IN KIPS PER LINEAR FOOT. 


BASED ON TIMBER WITH; 

E = i,600,000^/o-; COMR STRESS - 900*%" 


Size Of Studs - l(o"o.c. 


2x 4 

\ 

2xS 

— 

2x8 

f f ■ 

3x4 

3 X S 

1 3 X 8 








7 - 0 
3 - 0 

I 0 • o 

[ I • 0 

I 3 ■ 0 

Ta - 0 

I5 ■ 0 
IS - 0 


4 ^ 


2.S4 3.25 4.40 5.80 5.98 5.68 1.75 8.07 6.15 3.0& 5.26 4.75 S.GOlSAG 6.34 12.79 13. 18 7.25 

5.56 5.84 4.56 7.44 7.97 3.09 2.32 4.44 3.6/ 9.30 9.43 4.80 12.40 13.08 5^ 

^•'^0 5.23 5.64 3.G0 7.00 7.64 8.0! 1.86 3.53 2.89 8.36 9.12 3.85 11.81 T2.$5 4.86 

L1I\L22L. ?-^3 4.74 5. 37 2.92 6.35 7.65 7.39 1.46 2.86 2.30 8.27 6.68 3.0GII.02 12.74 3.94 


J./8\i.46 1.63 4.15 4.99 2.44 5.45 7.35 7.74 1.25 2.36 1.94 7.46 8.0 

0.98\ 1.23 1.52 3.42 4,5! 2.08 4.57 6.96 7.53 1.99 6.45 7.2. 

0.64 /.Osll.SO 2.93 3.92 1.74 3.92 6.54 725 


0.84 

0.79 


2.53,3.36 
2.20 2.93 
1.93 2.57 


3.3 6 5.92 6.93 

2.92 5.34 6.52 
2.58 4.6 0 6.00\ 


1.99 

1.70 

1.36 

1.28 


6.45 7.29 
5.53 6.17 
4.75 5.43 

4.12 4.73 
3.74 4.15 


2.59 9.95 12.50 3.26 

6.6012.17 2.74 

73711,71 2.34 
6.33 N.zd 2.0 1 


5.50 10.55 1,76 
4.98 9.70 


o - Use uaues >nf7>,5/fne e,fher-fbr rows of bridging or for no rows of bridging where studs 

%r TaTrlV by sheath ir,g and piaster, or simitar stiff mater ioh 

stuas .must be checked for u,ind and any other speciai conditions. 

Example * ! 

•• ^^'9^ ^ of par tition ^iO'^O Braced later a Ilu 
= ^= I Load per foof = 2500^ 

; j/^e and spacing of studs. 

^ ^o^ufion : From Tab^e A - 

^ 2x 4 studs -spacing.. - x 16 -- 11.3“ Max. 

2x6 studs- spacing, x 16 ^ 34.4 Max. 

IHF ^ spacing -. - x/6 = 16.3“ Max. 


ii 

racu 

ging 

\ 

of 

L 

Brio \ 

. 

led. 



Example *2 

Oiren: Height of partition -- /O'-O" - Braced iatero J/u 
Reaumfii ^oad per foot ^ 2500^ 

bo^it/nn: ■7>,a 


Using 2x 4 studs -Spac/ng s - 


Using 2x G studs - spacing = 


2500 ^ Max. 


Using 2x3 studs - Spacing* 
Using 3x4 studs - spacing = 


ZISO 

2500 

2320 

2500 
28 GO 
2500 


X IG ~ 14'' Max. 
X IG ^ 16.7' Max. 


xfG = id.yMQx. 
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O*^ 
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, f'°° or- >s^ 


'->> 
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pj 


ca 




.Cp^n>^ ,le 

■y^y ■ cv 


<y y 

*' y^ 

yc-9 


f>0 


9 

6+ 




^h<5^ 

■ X 




tc 


cO ■ 


-- ty^y . 

^ y<y 0 ^^‘ 




f-i '' 


->> 




A° 














CU\. 


^ O 






s 




'V 




.d«^ 




,05; 




f>’ »r..'’: 


.< °Uy r 

C€''‘ih'T fr''* 


/ce' th'T 

iT .i)i uo*^ 


b« 


y y «'’'' ■ 

fl^“ ^6 

yyyj^'v 

. dr'^ 

y^y 



p,e 


V*’. . 4 ^ 


<o' 


ip6 




m6- 


g.l' y 

ty 


ko 


(^?J 


gyy 


>'':; •<> 
<•< 1^'f 


“!* 

.<1> •' 

lot 

yy 

yy, 

•*> ,r ■” <•" 

:yy- 


,nS 


(«/ i/. 


yi/ y- w/ 


c© 


■' ~ // /is recommen&e</ fo pi^ch 
floors one inch tn iwen^y feei /o poinis 
of c/f'scha/y^ io re/ieue Me f*/oors of 

the weight of u\/QXer from hose and 

at/homahc spr/nh/ers- 


HEAVY TIM&ER COKISTRUCTION 

ALSO KNOWN AS SLOW - BURNING MILL CONSTRUCTION" 

Adopted from A/otA Zum^cr> Mfrs- J^soc, &o//ef}r> /s/e. 4, 


?-l 4 


STRUCTURAL 


WOOD 


TABLE A • LATERAL RES ISTANCE 

50 FT WOODS 


WIRE NAILS 


POUNDS. 


to 2 


CEDAR 

north, white. 
SOl’TH. white. 

FJR' 

balsam. 

commercial WHITT 
HEWL0CK(£A5TERN) 

SUOAR.W^H WHITE, 
western W*HITE. 
5 R«UC£- 
ENOaMANN REO 
5IT\A & WHITE. 

P = 1080E)^ 


CEDAR- 

AiASftAJNCENSE, 
PORT oi^FORD, 
western RED, 
EASTERN RED. 
CrPRESSftaUTH.) 
DOUGLAS FiR' 
ROCKY MT REGION. 
HEWLOCK-fwCSTEpiOJ 
PlNC- (NORWAY). 

redwood, 
tamarack. 


DOUGLAS FIR- 
COAST REGION. 

larch/western). 

PlNEfsdUTH.YTLLOW). 


P= 1350 0*.^ 


pTiisTo^ 




4 I 


42 


SI 


G4 


G 2 


20 


50 


GO 


G2 


77 


77 


70 


9 / 


66 


ns 


5 1 


HARD woo D S 


ASPEN & 
LAR6ET00TH ASPEN. 
BASSWOOD. 

butternut. 

COTTONWOOD- 

BLACK, 

EASTERN. 

POPLAR. 

ALOER(REO). 
ASH- (BLACKV 

BlRCH-fPAPtR). 

elaRamerican & 
slippery). 

GUM-(REDSrBLACK 

TUPELO). 

HACKBERRY. i 

MA^olia- j 

fCU¥uMB£R-EVF«6«E£)d 
MAPLECflGLEA^ 

1 SOFT, RED* SHYER). 
SUGARBERRY 
SYCAMORE. 

ASH'JCDMHfROAlWWT^ 

OREGON. 

BEECH 

BIRCH- (SWEET Be 
(YELLOW). 
CHERRY-CBLACK). 
Elm - j ROCK). 
HICKORY-C^&PtCM^ 
HONEY LOCUST. 
LOCUST/ (BLACK), 
MAPLE -(HARD). 

BLACK dc SUGAR. 
0AK-(RED8iWHm). 
WALNUT. 

MIN. PENETRATION. 

P= 1080 

■ 

P = 15000’^ 1 

P*2040D*A 
1—8 


I 


ft 


G5 




34 


4 / 


47 


6 4 


tt 


5! 


H 


94 


ft 




94 


/ / 7 


£2 


/ / 7 


/08 


70 


97 


13 


J 38 


IfA 


it 


130 


146 


i£3 


162 


55 


tt 


198 


130 


ISO 


222 


$/ 


MG 


202 


s a 3 e ,‘:a<ea on seasoned u/ood and a safe fa focfor of abouf 5. 
ors: /ncrease ^a/ues f5% ujhere mefo/ s/de p/ofes ore asea. 

Decrease t^a/ues 33 52 u/Aen na/7s ore eOr/t^en /n end ara/n. 

Decrease ira/aes 25 7. for s/de gra/n of unseasoned ujood u//i/c/~) ca/// remo/r 
ce /coded Before seasoning. P- Load /n pounds-, D-D/amefer ofno///n /nches. 


TABLE 


SiRCH YtLLQW iSwHT. 5 j 


vviinuKAWAL FROM SIDE GRAIN 
IN POUNDS PER INCH OF PENETRATION (in m.in 


D0UGU5 FIR. 


MAPLE • Sugar . 
OAK* Rio fif White. 


££ 

52 


53 


PiKJE* LonqlEaf. 


PINE 'Ncrth. White. 


3 G 

14 


23 


GO 


Gi 


4 i 


PINE -PONXROSK. 


PINE -Short leaf. 


REDWOOD. 


23 

Tg 


72 


34 


lO 


36 


G8 


76 


72 


60 


il 

18 


£1 

20 


!6 


I 7 


60 


36 


76 


60 


23 


20 


23 


20 


23 


SPRUCE -Sitka . 

W, an yen /r, arseosored iaoo'd codci,' u^/// seosor 
Dpnoi des/gn for ujdAdnn,,.^/ * 


54 

iR 

23 


85 


10 1 


109 


119 


89 


104 113 


/ 


23 


25 


4G 


25 


GG 


11 

3! 


30 


32 


128 


138 


133 


/ 


58 


Sudsequenf/y under ioad, 

rain. 


41 


pennyw eight, 
length 


from end 

table c - WlR^N All HATA 
8 


j use 25yo of t^a/ues. 


diameter (tNCHES). 0.038 O.Hl 


QJS! 0 J 4 & 0,1 46 j OJe 2 



30 

60 

S'/z" 

G" 

0.244 

0.2G3 
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BASIC DATA FOR BOLTED WOOD CONNECTIONS. 


fVood Sp//ce P/otes 


— . 1 3 il •• L . 

m ■ 1 

' 1 * I ' — T ” 

1 ' 'i ' ' 

1 ll 1 , < 1 . 

1 U L '' ll 

y 


1 r 1 r 'I 

* 1 l ' I ! M ^ 




' *1 1 


u 


V !■ Pj 

• 


^ ll 


c 

0 

1 


: 7i 


O PLAN 

■? bufnof/ess^han I 2 d. 


» UT 

Zd- For mefal spl/cf P/s. only 
other spoc/ngS'Scme as locod. 



/^/n. 

Spacing. 


!) ! ( D@®® 

ld\ 7d. Tensior 
Ad 4d Comp. 


See note i 
example. 


^eA S Min — 

^ / 4d Comp. Joint ^ 

22dforhy ^ 2 . 

5d for ^/d • G or more 

/nterpoJate befcoeen. 




4<j Tension 

Joint. 


/ - / r i. u ■ i_ tnterpoJate befujeen. 

L- Length of bolt jn bear/ng m /nches{th^cl^ness of main member L =b\ 

d ^ Dfometer of bo ft in inches. 

ELEVATIONS. 


fr 

Note :T he net tens/onorea 
of the critic o I section 
Shall be;i 8070 of bolt 
beanng area fbr softcuoods, 
on d iuO % of boP bearing 
area for hardcocods. 

txamp/e ; 

^ Given: Afoin mernber 

^ Dougios firfsof /wood); 

^ CxlO ( areo ‘ S2 . lS “'); jO ‘4‘^ bcits . 

^ Peguirea: Aet tension 
area of crif/coi section 
Net areo ^5z75‘2t IS^S.b} 44 

Check that this area is I 
SoXof bearing area 
under oH boPs - 
O.SAOfJSxS.S) ‘33°* 


Inn^'a/?! CALCULATINQ SAFE LOADS IN LB/SQ.ir 

FOR 50LTED JOINTS IN DOUB LE SHEAR. 

I IPar^llelToI PerpendicularTo Grain : a 


SPECIES 


Softwoods (.Conifers): 

Cidar.northerr: and southern-. f/r,ba/som and 
cpmmerc/a/ ujh/te-,t)e/nlock, eosTern:Dine. lodaeonlp 


S/tAa, and u/h/te, 

Cedar, sb/asha, incense, Port OrPord, ond 
coestern redi 

Doi^ias fir (Rocky Mountain region), 
hemiock, cuestern ; pine, Noruvay, 

Cedar, eastern red; cypress, southern; 
Doug /as fir (coast reg/on); /arch, cuestern; 
pine, southern yeHouv) redouood; tamarack. 


2 

4 

£ 

a 

10 

11 

2 

4 

6 

8 

10 

11 

2 

4 

G 

6 

10 

J1 

2 

4 

G 

8 

10 

12 


* Grain : P 

Wooj) Metal 

Splice Splice 

Plate Plates 

110 SCsO 
110 $60 
660 825 
432 6/4 
334 492 
323 4/2 

360 1200 
935 /HO 


Diameter Pf Bolt 


128 

541 

451 


S/0 

684 

546 


365 456 

1248 1560 
//50 1440 
8 36 1045 


629 
505 
4 25 


737 

63 / 

523 


3 72 
730 

58 / 

436 


/ 2/5 

S/3 

127 


%■ 

V 

"/s' 

1" 

1V4" 

1 '/2" 

274 

253 

240 

228 

2/4 

?ol 

274 

253 \ 

240 

228 

2/4 

205 

2 74 

253 \ 

240 

228 

2/4 

205 

214 

253 

240 

1 

223 

2/4 

205 

233 

2/5 

204 

/ 94 

182 

1 15 

183 

/73 

165 

151 

/47 

14 / 

365 

333 

320 

305 

235 

274 

363 

338 

320 

305 

235 

274 

365 

338 

520 

305 

235 

274 

351 

525 

307 

233 

274 

263 

273 

256 

243 

232 

2/3 

203 

223 

206 

IS5 

186 

114 

' /67 

502 

465 

440 

4/9 

393 

376 

502 

465 

440 

4/9 

393 

376 

502 

465 

440 

4/9 

393 

316 

442 

40 $ 

387 

369 

346 

33 / 

337 

3/2 

295 

28 / 

264 

235 

26 / 

242 

229 

2/8 

204 

/$3 

730 

675 

640 

6/0 

572 

547 

730 

6 75 

640 

6/0 

572 

547 

703 

650 

6/5 

581 

550 

527 

548 

505 

480 

457 

428 

4/0 

405 

374 

354 

338 

3/6 

303 

310 

236 

272 

25 $ 

243 

232 


HANKIN50N FORMULA 


ng. 

Tic 


4 IN POUNDS. 
rLE B . 

20** I 30^ 1 45® I GO" 
0.12 0.25 0.50 075 
■aSa" 0.75 '9^50" 02? 


90^* 

1.0 

0 


(broad leaved Specjes): 2 /440 /800 730 675 640 6/0 572 5 

Oregon; beech; birch, 4 /3 32 /670 730 6 75 640 6/0 512 5 

sweet and ueiiocu;Cherr(y.biack; eim, rock; 6 372 /2/5 703 6 5 0 6/5 58 7 550 5 

kyckorg,tr<Jegnd pecgn; honey iacusfiocust 6 7io S/3 348 505 480 457 426 4 

block; map/e (hard), black (pnd sugars oak, (0 55 / 7^7 4^5 j 74 ^^4 , 

cornmerc/oi red ond white ;ajalnuf black. | I2 \ 4&6 607 3J0 2s6 2 72 23 $ 243 2 

ALLOWABLE BOLT VALUE "N' FOR BOLT LOAD AT ANY ANGLE TO GRAIN IN POUNDS. 

HANKIN50N FORMULA: M = - ^ ?-« • ^ ^PA 5 ' | TABLE B 

P 5iNE^0 + QCo5iNE^9 for 6 = 90° i » i \ i o , 

Tbb/ff A ; A = Projecfpd Area (Dia.x/ength /h /r>o/h ~d 0.12 0.25 0.50 075 T 

& =• Angle detiueen d/reciion of /pad ond d/recr/on of gra/n . f fesiNt^e 'oTt ifT oJT ~ 

7,v. ExAmPLEN*!. Exampi.EN-2. 

(jjypn. g Bolts ; 2')Vood SpUcp PJates ;4 Main Mprrbpri Load G/vtn: Sarot conditions as Example N-L except 6 ‘30° 
porollelfogro/n usinQ Noruyau PIne - Group m Softwoods. Required: To F/nd-R- using Hankinson Form uta . 

Regu/red:7opnai bolti/qluef) using formula. fromTab/e'A'- P= 87(B lbs.;Q=SZ0lb%!Table'B' 5ir)^e=Z5Cos’9= 

FromTadleA-interpoiate Ud‘4.57. loJue ofP=a76 for 8=30° 876* 3 20x4x\ 

W-- 37£ x4x 7g z 3060 ids. ^ = 2/40 ibs. 


/y- g/e X g =jobo/ps. I " 876x.2St32DJ?75 

NOTE: i/aiues in Table A are based on seasoned material in dry locations. For preen 

ft tabu ia/ed bolt loads F%? mo/iiai 

usuai/y u/ef'use vs of the tabuioted bo it food s. 

Adapted from yiood Handbook of forest Products Laborotoru- United States Dept of Agri culture 
with 20% increase /n stresses as aiioujed by l4ior Product/on Board directive A ^29 


75 
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5PLIT RING TIMBER CONNFrTnP.e, 



A Unloodedj 


/ 


Pg. 2-17 








R 


'T c ? 
^7 — ^ 

Loaded 


split 

Rl SJQ 


Group A' 
Group "B' 


^ ^ figure 3 Rgure 4.^ 

group i ng 0F5PECIE51VHEN STRUCTURALLY GRA DEDI^V°AV^^»-TA^ 

■^f:^CP/^^i^)3eech,3/rch,Ooap/<^s/=y>'CDG/,ss)* £/m r f?ochS ^ ^ 

>,/C.tay, /Pg^c7r?, Mqp/ e CMarcyj,Ook r^ed S IV7^//e), ’p/rre,SooH»-rJ rOe^j^) IJ(o% 

=>°-t:trr rsbr/-j, riVer^err,) 

. J ~>e f^ot^‘. /^e.^.n), Gum f QZacA: o/- ^eo'J. ' lOO % 


— e<y,^ooc/, o^-=>' (ye//oivX S p ruc-e C^osi^ern), Spruce ( Sifka 3 . ^ ’| 

Group D ^-soar fk'es.-^c-r, ilec/), rirCChmrnerc/o/ iy^^/Ye) V p- /h . — :: T 

P^^l -03 S- 1-04 uUh l>,l,„„l.„f..^ t 

A &l C Ci j ^ ^ — — _ 


54% 


% 


TABLE 


SPLIT RING 

CONNECTOR, , 

INSIDE 

DIAM. 

IVJa/ER 

bolt 

DIAM. 

2f 


® 32. 

or ^ 

2*2*^ 



-n zr •.■■t^r.V.TL ■ ^■> n^6-duli IN SINGLE 3HEAR GROUP 


TWO FACES 



tit » 

! Mm. 

I 7 ^/c/t. 
r M/n. 


/ 1 ' Mm . 


f 4 


. . 5' 

a *55 

4" iV 

3 > 3 x| a 


/ 


J M />7 


^ ^ Th/ck^ 


H' 


^0Tf3: J. Tob/e & /j /'o - (yn^eos-c:, 


o“ 

15“ 

30“ 

45* 

60“ 

75‘ 90“ 

T /Gsa 

JG07 

1495 

15 70 

IZG7 

//93 11G7 

/5,S3 

/33B 

JSoo 

/G47 

1520 

7435 /4o3 

l££33 

1 ^ 

2473 

2307 

2080 

1935 

Y3oo /777 

1 ^iS33 

2G07 

2413 

2200 

2020 

1307 1867 

3037 

3aao 

27S7 

2555 

2335 

2/93 ~2J35 

Ut^ 

3GG7 

3400 

3oso 1 

2840 

2G73 2G17 

|3<923 

3120 

34 GO 

3140 

2393 

2733 2GG3 


-^^a/e>T /o GrcpJr, & ^i/s/ 


^AoY-t:>cy^A,/^ Se^j^^ 9 a^ 
r(?/-r 7 a 7 rp 


A • '-"V :^A<yr7 ^ ^ /C7 r & <sy . 

^ 4S^/^30® V4Luc fob ADrtiiD />e /^wiLir ^ 




Ag.CVHCOMn.T.nK, .V'Q... 

2_RI^^ single SHEA^t Fflru e*,-c> * ^ 

|^iNM3:&C2rACM^. 

^Yso cAec/h /^^ •_ Rea/uce food as per fable. 

Adopf-ecY f~rom Teco oT — o’/ S7,ec?r', 

on o' L^y^-ec-Z/Te A/^ 23 

^ ^^oo'K^cy^yd^ £,(Por-r/ 


C - M>W. RECOM M E NDED 

VALUE fOR GROUP OFCONKJECTORS 
ACTING AT 45® fo90* To THE SRAI K3 

» T??^ hectors based 5n 

7.»FAllOWAaLE lOAD EQR ) oonn ECTOR 

Size op "'^Hjckness ofloaded 

SRIT RINS -Member m i.,chIs | 

^ ^^/8 3 or thicker 

" 3oo 300 3oa 3 » oo 

~ . 4 " |?30 \?4S I ^e9 ^^Qo_ 

/x^ a<dtd///a/? £t/ Co/7/?^^r 

^dJ3/i a/^a//oM/./c9c/ j^r / Co ff/reci^on. 


STRUCTURAL 


2'!7 


WOOD 


SPLIT RING TIMBER CONNECTO 


CHARTS FOP. 4" SPLIT RING. 


FIS. A 


100 


3 '.' 


(DQI OtPANCI C 


2 \- 


4 3 



ioo< 


100 


[Sj_ 


(NO OOlANCI A 
^ 6^ 

KTTtTNTpr^^ 


0 

• 3^ 


t 

£ 

f i 


60 5 


U .6 


■■fJiiunai 


BfiininiiS&BSnS 




u® 


■iKIBR 


■Bee 



■I HI 


6 

'AjAlia lO OtAM I 


« y 


^ TP 

^XOry-t^/Q A/f 2 ' 


CHARTS FOR 2'/^" SPLIT RING. 


F16. D 


o 

0 100 


t 90 
® 05 


<ft • 90 ' 


lOG< OKTAMCI C 

!• !».- o _ 

toot omANa c < ^ 

£[»£ WSTANCt chaIT fig. F 


(NO 051 am(( a 


coM^ttio* 
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I explanation of charts 

USING 4" CONNECTORS. 
FOR details, SEE F1GURE,S 
L 2, 2>,Sr4.. Pg. 2-IG. 

^PACl^JG CRART. F/(J. A ■ 
Szaca/i2£MLL.Slysa:o^45’S. (^--iO' 

Re Qu//y<^ : 

'S0/0//0/7 • 

^*30° 3<to/€ R'S^^or 
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v'o/aes of R befi^een S' 5^/8" 
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STRUCTURAL 


PLYWOOD 


TABLE 

DAMP 


A - DOUGLAS FIR PLYWOOD WORKING 
OR WET LOCATION - TO BE. APPLIED 
RESISTING PLIES ONLY? StE Pg. ‘2- 2l. 


TO STRESS 


GRADE 


(Th«{« fwo •rt«rior gradti dv«Il4bl» 
only on Sp«cl*l Mill Ord«r) 



Extreme Fibre in Bonding 
Compression perpendicular to grain 

Compression parallel to grain — 

3 ply only: for S-ply and thicker 
ncJtt- l^wor^r^de no 

Maximum horizontal sheer 
Modulus of Elasticity 


a«ar 100% 
G.2.S 


2000 


325 


1466 


120 


45% 

G-l-S 


1900 

325 


390 


114 


1.600,000 


1,600,000 


•7'/,% 

So-2-S 

w% 

PiyweM 
or So-I-S 

7*% 

Sheathing 

1750 

1600 

1500 

325 

325 

325 

1285 

1170 

1 100 

f05 

96 

90 

1,600,000 

1.600,000 

1,600,000 


h/OTESi fbr hos/o ivorh/ng s/rexj-aj' o/'/umSer o^herZ-Ao/i DovgAfS PgT.l03e.l04. 

l^//7erc rrroJs/tJxe con/ortY- of p/t/tA/ood uno'ar' /ooc/c/oes no^ exctrccY /e‘A above 

^az-A/np s/r^ess&j' /rzcr 23ya. 

e-BS -- poocY Bs/a'es ; G-f'3 = ^ooaf J s}c/& ; So - 2-S - Soono/ Z s/c/ot ; S o-l-S^Sound is/de 


TABLE B- 


MOMENTS OF INERTIA, SECTION MODULI and VENEER 

for SELECTED PLYWOOD CONSTRUCTIONS. t 

(12" WIDTHS) 


AREAS 


Plywood 

No. 

Thickness 

of 

(net) 

Plies 


f/8"— Rjl) 
1/8”— $( = ) 
3/(6”—R 
3/16”— S 

1/4"— R 
1/4"— $ 

5/!6''— R 
5/16”—$ 
3/8”— R 
3/8”— S 
3/8”— 5 
7/16”— R 
7/(6”— R 
7/16”—$ 
1/2”— R 
l/2”-S 
9/16”— R 
9/16"— S 
5/8”— R 
5/8”—$ 
N/16”— R 
11/(6”— S 
3/4"— R 
3/4”— S 
3/4”—$ 
I3/)6”— R 
13/16”— R 

13/16”—$ 
7/8”— R 
7/8”-S 

15/16”— R 
15/16”—$ 

(” — R 
I" -S 
l•l/(6”-R 
1-1/16"— S 
1-1/8”— R 

i-(/e”— $ 
1-3/16”— R 
1-3/16”—$ 


3 

3 

3* 

3 

3 

3 

3 

3 

3 

3 

5 

3 

S 

S 

5 

S 

5 

5 

5 

5 

5 

5 

5 

5 

7 

S 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 


VENEER THICKNESS 
(Nomlnel) in Inches 

Faces* Centers Crassband 


parallel* plies only 


f/24 

1/16 

1/16 

1/12 

1/12 

1/9 

1/104- 

1/8 

1/8 

1/8 

l/IO 

1/8 

l/IO 

I/IO 

l/IO 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

1/8 

J/8 

1/8 

1/8 

1/8 

i/8 

1/8 


1/24 

I/I6 

1/(6 

1/12 

1/12 

1/9 

1/10 + 
i/a 

f/8 
3/16 
1/12 
3/16 
1/12 
1/10 
l/IO 
1/8 
1/8 
1/8 
1/8 
3/16 
3/(6 
1/8 
1/8 
3/16 
2@I/I2 
3/16 
2@I/(2 
2(a)l/8 
2@I/8 
2@5/32 
2@5/32 
2@3/l6 
2(0)3/16 
2(SI/8 
7(^\/Q 
2(q>I / 6 
2(a)f/6 
2@3/I6 
2@3/I6 
2(0)7/32 


2(q>[/I2 

2@)/t2 

2(5)1/10 

2@I/I0 

2§)l/l0 

2@I/I0 

2@I/8 

2(^I/8 

2(^I/8 

2(g) 1/8 

2^3/16 

2@3/I6 

2(S)3/I6 

3(a)I / 8 

2(33/16 

3(31/8 

3(a)l / 8 

3(§)I/8 

3@I/8 

3(5)1 /8 

3(§)l / 8 
3(3l /8 
3@3/I6 
3(33/16 
3(33/16 
3^3/16 
3(g)3/l6 
3(g)3/l6 
3(33/16 


Area 
(Sq. Ins.) 

1. 00 
0.75 

1.50 

1.25 
2.00 
(.67 

2.50 

2.25 
3.00 

2.25 

2.50 
3.00 

3.25 

2 85 

3 60 
3.60 
4.35 
3.75 

4.50 
4.50 

5.25 

3.75 

4 50 

4 50 

4.50 

5 25 
5.25 
5.25 
6.00 
6.00 

6.75 

6.75 

7.50 
5.25 
6.00 
6.00 

6.75 
6.75 
7.50 
7.50 


■Rough; ■R.I.r. di,.c.io„ gr.ln; -for ..nd.d pun.l. 


Moment of 
Inertia 
I 

(Inches^) 


.0019 

.0017 

.0064 

.0060 

.0150 

.0143 

.0294 

.0286 

.0509 

.0461 

.0377 

.0772 

.0688 

.0575 

.0990 

.0926 

.1457 

.1273 

.1934 

.1670 

.2470 

.202 

.299 

.251 

.286 

.365 

.401 

.343 

.477 

.427 

.501 

.525 

.701 

.540 

.740 

.615 

.839 

.771 

.022 

.912 


Section 

Modulus 

S 

[Inches^) 


.030 

,027 

.068 

.064 

.120 

.114 

.188 

.193 

.271 

.246 

.201 

.353 

.314 

.263 

.396 

.370 

.517 

.452 

.619 

.534 

.720 

.588 

.798 

.670 

.763 

.898 

.988 

.845 

1.090 

.976 

1.241 

1.120 

1.402 

1.080 

1.393 

1.157 

1.490 

1.371 

i.725 

1.538 


PERPENDICULAR* PLIES ONLY 

Area Moment of Section 
(Square Inertia Modulus 

f’ches) finches*) flnrhes^l 


0.50 

0.75 

0.75 

(.00 

1.00 

1.33 

1.25 
1.50 
1.50 

2.25 
2.00 
2.25 
2.00 
2,40 

2.40 

2.40 
2.40 
3.00 
3.00 
3.00 
3.00 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 

4.50 

4.50 

4.50 
4.50 
4.50 
6.7$ 
6.75 
6.75 
6.75 
6.75 
6.75 
6 75 


.0001 
.0002 
.0002 
0006 
,0006 
.0014 
.001 I 
.0020 
.0020 
.0066 
.0150 
,0066 
.0150 
.0260 
.0260 
.0324 
.0324 
,0507 
.0507 
.0771 
.0771 
.123 
.123 

.171 

.136 

.171 

.I3A 

.19: 

,193 

.243 

.243. 

.299 

.299 

.460 

.460 

.585 

.585 

.653 

.653 

763 


From 

P/ywood Assoc. 


thickness is before sanding. 


.0034 
.0077 
.0077 
.0139 
.0139 
.0247 
.0215 
.0312 
.0312 
.0704 
.120 
.0704 
.120 
.1735 
.1735 
.1995 
.1995 
.271 
.271 
. .352 
.352 
.492 
.492 
.608 
.503 
.608 
.503 
.617 
.617 
.707 
,707 
.797 
,797 
I.I3I 
I.I3I 
1.305 
1.305 
1.395 
1.395 
1.526 


Weight, Ibi. 
par iO(X »q. 
tt. (Approi.) 
(As shipped 
from Mill) 

490 
490 
640 
640 
790 
'790 
950 
950 
I 125 
1125 
1125 
1300 
1125 
1300 
1525 
1525 
1675 
(675 
1825 
1825 
2000 
2000 
2225 
2225 
2225 
2375 
2225 
2375 
2600 
2600 
2800 
2800 
3000 
3000 
3175 
3175 
3350 
3350 
3525 
3525 


And Counfr^manrTechn.c.I 
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STRUCTURAL 


PLYWOOD 




application of plywood stresses to design/ 


PROPERTY 


TENSION 


COMPRESSION 


SHEAR 


SHEAR IN 
PLANE OF 
PLIES 


(rolling 

SHEAR) 


LOAD IN 
BENDING 


DEFLECTION 

IN 

BENDING 


DEFORMA 
TION IN 
TENSION OR 
COMPRESSION 


BEARING AT 
RIGHT ANGLES 
TO PLANE OF 
PLYWOOD 


DIRECTION 
OF STRESS 
WITH RESPECT 
TO DIRECTION 
OF FACE 
GRAIN 


Parallel or 
Perpendicular 


+ 45 


Parallel or 
Perpendicular 


45 


Parallel or 
Perpendicular 


+ 45 


Parallel, 
Perpendicular, 
or +45' 


Parallel or 
Perpendicular 


Parallel or 
Perpendicular 


Parallel or 
Perpendicular 


PORTION OF CROSS-SECTIONAL AREA 
TO BE CONSIDERED 


UNIT STRESS TO BE USED 


Parallel plies^ only 


Unit ^Irejj fc-f eifreme fiber m bending 


Full Cfoss-seclional area 


One-fourth unit stress for eitreme fiber in bending 


Parallel plies* only 


Unit stress In compression parallel fo grain 


Fall cross-sectional area 


Full cross-sectional area 


Full cross-sectional area 


Full shear area 








/ 


Bending rrsomenf M = KSI c where S = - 
unit stress for eitrerne fiber in bending, 
I=momenf of inertia computed on basis 
of parallel plies only; c=^istance from 
neutral axis to outar fiber of outermost 
ply having its grain in the direction of 
the ipan; K=I.S0 for fhree«ply plywood 
having the grain of the outer plies per- 
pendicular to the span; K=0.65 for all 
other plywood. 


Deflection may be calculated by the usual 
formulas, taking as the moment of in- 
ertia that of the parallel plies plus one- 
twentieth that of the perpendicular 
plies. (When face plies are parallel, the 
calculation may be simplified, with but 
little error, by taking the moment of 
inertia as that of the parallel plies only.) 


Parallel plies* only. 


Loaded area. 


iTh# suggested simplified methods of calculation apply reasonably well with usual plywood 
types under ordinary conditions of service. It ts recognized, however, that they are not 

entirely valid tor all types of plywood and plywood constructions, or tor all spans and 
span-depth ratios 

»6y "parallel plies" is meant those plies whose grain direction is parallel to the direction of 
principal stress. 


One-third un.f stress in cornpression pjrailel to 

grain 


Double unif s'ress for horiiontal shear. 


Four times unit stress (or horizor^tal shear. 


I Conditions without stress concentration, 

A. Joints between plies in plywood panels acting 

as a beam— orse-half unit stress for horizontal 
shear 

* Conditions with stress concentration, 

A. Symmetr,c.ji concentration, Joints in panels 
with stressed plywood covers, for inferior joists 
-ith end headers, or without end headers if 
ratio of joist depth to joist width does rsot e*- 
•-ced 2 one-half unit stress for horizontal shear 
Unsynmetncal concentration. Joints In I and 
bo< bearns with plywood webs, and joints In 
panels with stressed plywood covers, for e*- 

«'*h end headers, or without elid 

headers if ratio of joisr depth to joist width 
does not exceed 2 — one-fourth unit stress for 
horizontal shear. 


B 


Unit stress for extreme fiber m bending 


Unit value tor modulus of elasticity 


Unit value tor modulus ot elasticity 


Unit stress in compression perpendicular to grain 


SOURCE: 

U. S. DEPARTMENT OF AGRICULTURE 
FOREST SERVICE 

FOREST PJ^ODUCTS LABORATORY 
MADISON. WISCONSIN 
APRIL 17. 1942 
(Revised) 
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FIG. A-DE5IGN OF SKIN STRESSED 


iA 

a 

e 
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52 
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<S 

! U. 

70 
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20 

UJ*^ 
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aJ ^ 

0. 


/4 

PANELS. 



TABLE C -VALUE 5 OF ‘b‘ FOR USE IN FIG. 6.* 


Plywood Thickness 


0.5 


10 


1.5 


RATIO OF 5/b .^EE TA6LE C FORVALUEOF b. !" 

fig. S- STRE 55 reduction. * i" 

Check rolling shean by "Sheon In ‘ 

Plane of P/ies . Pp. 2-2/ -Pa^. 2&. o 

Pp.lP rorm faahon o P Pro/=on//ona/ ® 

Z/nn J / . pjd c/ Pan-? Chorf a/ n/g3 f ^P- i° 



Sanded 


.', " 

1 •; 

Rough 


3 '' 

r8 

Rough (3-ply) ... . _ . . . 

3- " 
78 

Sanded 

(3-ply)- 

3/ " 

■8 

Sanded 

(5-ply)-- .... ... 

ff 

/ 

Rough an 

id Sanded 


Rough an 

id Sanded 

'■V' 

Sanded i 

(5 ply and 7-ply) 


Rough an 

d Sanded. ... 

r' 

Rough 



1'' 

Sanded 



Basic Spacing "b," inches 

Fjce (gram parallel Face grain perpendicular 
longitudinal member! to longitudinal memben 

10.35" li,6|" 

11.87 16.80 

14.25 20.13 

16.43 16.43 

18.10 20.25 

23.25 28.5 

29.1 35.6 

38.2 38.2 

41.6 48.1 

45.5 58.9 

54.5 47.9 

ilTT" 


LOT 


C.9 


0.90 


0.95 


T* 

h 



•J d 


tH 


i 


d' OfD'th of Compr«jron Flan 9 
h * D*pth of B*«(n 

t, : Total 

tt^Total w.4th ff 8. am 


0 75 


0.70 


0 65 


0.60 


0.55 



0 60 


050 


040 


035 


030 


20 


Q20 


0J3 


0.10 


0.05 



^J-g^^OLLDE-SlGN OF I AND 


graphical solution 


OF 


u, s FORfSr PROMICTS laboratory formula 

FOR I 


FORM FACTOR Af PROPORTIONAL LIMIT 


OF 


WOOD I AND BOA BEAM5 


'U 15 .20 .25 y> 3S .40 .4S .50 .55 60 

■A 

E>QX &EAMS/ 
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^ly ivooo^ 

OJsf, 


strength in shear of 

NAILS IN PLYWOOD. USE '/6 OF VALUES FOR DESIGN. 


I 3hj^ 


A!! 


fq-vV^a// plywood 
pene' thicknesses 

|U frohon 

\ should A " 

^ be V3 — - 

^/e/7pj9? ^ J}. 

of noil. w 


/ 


\ 


nail size 


id COM. 


8d COM 


lOd COM. 


.1 •» 
li-. 


3 ' " 
78 


LOAD 

3^ 

345# 


PLYWOOD 

EDGE- 

distance 


lid COM. 




0 

< 

o > 

-J < 

o*" 

7 

yj C 
O ^ 
££ 2 
lU ~ 

a 


100 


90 


80 


70 




QO 


SO 


O 20 40 GO 30 100 

PERCENT OF EDGE DI&T. 

IKJ TABLE A. 

FIG.B-REDUCTION OF VALUES IN TABLE A 
FOR PLYWOOD EDGE DI3TANCE.S 
LESS T HAN THOSE SHOWN IN TABLE A.* 



Width length 
(Inches) (Inches] . 


Thickness' 

(Inches) 

(after sanding) 


Standard 

Panels 

[G2S-Ext.) 

(SlS-Ext.) 

(S02S-Ext.] 

(SOlS-Ext.) 


Sheathing 40 96 5/ 1 6 ( 5 ply unsanded) 

Exterior 3/9 ( 3 ply unsanded ) 

1/2 ( 3 ply unsanded) 

5/8 (3 ply unsanded) 

Industrial As As 1/4 ( 3 ply unsanded ) 

Exterior Ordered Ordered 5/ 1 6 ( 3 ply unsanded) 

3/8 (3 ply unsanded 
7/16 3 ply unsanded 
1/2 5 ply unsanded 

9/16 ( 5 ply unsanded 
5/8 (5 ply unsanded 
M / 1 6 1 5 ply unsanded 
3/4 (5 ply unsanded 
7/8 (5 ply unsanded 

Concrete Sameas Sameas 5/8 (3 ply sanded 2 sides ) 

Form Standard Standard 3/4 (5 ply sanded 2 sides) 

Panels Panels Panels 

Exterior 

^Number of plies listed under thickness ts rntnimunn. 

4 



3/16 3ply) 
1/4 3 ply) 

5/16 (3 ply) 
3/8 (3 ply 
7/16 (5 ply 1 
1/2 (5ply I 
9/16 (5 ply I 
5/8 (5 ply) I 
fl/16 (5ply) 


3/4 5ply): 
13/16 5ply 
7/8 7 ply ' 

15/16 7ply 
(7ply| 
1/16 (7ply 
1/8 (7p!y 
3/I6{7ply). 


Industrial 

Exterior 


As As 
Ordered Ordered 


LOAD 

4/0# 

470# 

470# 

470# 


PLYWOOD 

edge- 

distance 




LOAD 


PLYWOOD 

edge- 

distance 


LOAD 


PLYWOOD 

EDGE- 

DISTANCE 


b " 
8 


'9" 


500# 

5^5# 

5^5# 




t>20t 

6-^5# 


b »« 
• 8 


L" 


700 


GOO 


500 





[all 


300 


- 200 


100 


0 '/S 'A % /2 % V 4 Va I 
STUD EDGE. DI5T. IWCHES. 

FIG. C-ULTIMATE strength IN SHEAR 
OF NAILS IN STUDS. US>E pOR DESIGN.' 


Il•n1 


Standard 


S02$) 

SOIS) 


Width 

(Inches) 


Length 

(Inches) 


Thickness 

(Inches) , ,and mq ) 


Wallboard 


Sheathing 


24 

30 

36 

48 

60 

72 

84 

96 

'.e (3plv) 

•3 16 (3 PL ) 

14 1 3 ply) 

1 3'8 (3pl>| 

: 1, 2 (5 ply) 

! 5/8 (5ply) 

.34 (5 ply) 

1 

t 

1 

1 

1 

48 

60 

14 [3 ply sanded 2 sides) 



72 

3-8 ( 3 ply sanded 2 sides) 

1 

» 

1 


84 

12 (5 ply sanded 2 sides) 



96 

1 

1 


36 

96 

5/16(3 ply unsanded ) 


48 


3 '8 (3 ply unsanded ) 




1/2 ( 3 or 5 ply unsanded) 




5-8 (3 or 5 ply unsanded) 



Auto- 

mobile 

and 

Industrial 


As 

Ordered 
up to 
48 


As 

Ordered 
up to 

96 


1/4 ( 3 ply unsanded ) 
5/16 (3 ply unsanded) 
3/8 3 ply unsanded ) 

1/2 5 ply unsanded ) 

9 16 (5 ply unsanded j 
5 ''8 (5 ply unsanded ) 

I I / I 6 ( 5 ply unsanded ) 
3/4 (5 ply unsanded ) 
7/8 (5 ply unsanded) 
7; 8 ( 7 ply unsanded ) 


Concrete 

36 

60 

1/4 ( 3 ply sanded 2 sides ) 

Form 

48 

72 

1/2 (5 ply sanded 2 sides) 

Panels 


84 

9/16 (5 ply sanded 2 sides) 



96 

5/8 (5 ply sanded 2 sides 





3/4 (5 ply sanded 2 sides 


TYPE. MOiarURE-REeiSTANX TYPE 

FIG.D ~ STANDARD DOUGLAS FIR PLYWOOD SIZE Sb." 

Adapted From PerA/m And Countryman " Technicil on Plywood " Doup/ai r,r Plywood Asi,oc. 
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STRUCTURAL 


FOUNDATIONS 


METHOD OF CONDUCTING SOIL LO^D TEST - N.Y. CITY CODE 


Cnbbtng 


Wooden loading 
box or pfaf-form^ 








Timbers 

)f 2* O'* tong. 




i 

I 




\ s 






V \ 

•N 


2-0 


T\ 

V \ 

\ V 




t Steel Plate 


Q>k5 


Cribbing 


Point of bearing. 


-0 


PL A.M 


bfo T^: ’ This distance 
determined by 
necessity of geftlny 
, sight on bench mark 
\^ith level. 

\ I Loading 


boK or platform. 


hf2\f2" 

X 2'0"ly. 

2^2^12" 

-2-OVg^ 


bench mark on 

four sides . 

Cribbing ^ 


Cribbing 


§J-E V AT 1 O N 


Procedure •• - 

l\pply sufficient /ood uniformly 
on platform to produce a 
center load of four times the 
proposed 'design toad per 
square foot/' Center food 
equals load of platform 
times . 

Read settlement every 2<i 

hours until no settlement 
occurs in 2/1 hours. 

Add Soyo more toad and read 
settlement every 2^ hoars 
until no Settlement occurs 
in ?<? hours. 

beftlement under proposed 
load should not show more 
than nc increment of 

settlement under SO% over- 
load should not exceed 

of settlement under proposed 
load. 

/f the above limitations are 
not mef repeat test with 
reduced food. 

^N.y CITY CODE ~ 

presumptive 

BEARING CAPACITY 
OF SOILS* 


MATERI A.L 

CkPlKaVt 
IN TONS 
PER SQ. FT 

Hard Sound Pock 

do 

Medium Hard Rock 

25 i 

Hand fhn Overlying Rock 

10 

Soft Rock 

6 

Qravef 

G 

Coarse Sand 

4 1 

Fine Dry Sand 

3 1 

Hard Dry CJoy I 

3 1 

Sand ^ Ch^t mined or in /oyer^ 

? 1 

Firm Clay | 

? 1 

Fme 1 5ond CConfmed)\ 

? 1 

Soft Clay I 

/ 1 




(S* 




*0 

^ Ci 
vj i 

.g 00: 

r^ 

v> ^ 


STRUCTURAL 


2-5\ 


FOUNDATIONS 


plain concrete WAI I F 


2000 


TINGS. 



3000 LB 




NCRETE 


U/^ . / I Li 


1- 


a. 



1 

1 

'ji 

L _ 7 r 

sr 



- JL 

rzF 



1 

— 

r i 

1 1 

Ly^ 


7 



/ 





r- 

c 

U 

r 

44 


- 1/ ! . 

z 

t 


V 





z 






7 

f 

1 


Z 


4 






r;n 


/ 

- 




_f 


z 


7 j 




^ _ 

z 

1 

~\ / 



5 


1 


-LU 

/ 


~ 






-t- 


H- 


i/>L 



LC... 


' • 

•y^ 

r__ 


i ixr 


I 

ti 


sTr 

z 

L 

• 

k: 

T 




t 

r 

A 

r 

— ■ 





^[/ 


,ZL 



f 

L 









hZ 


z 

U 

LL 

u 


7 

j 
















_ 


r 

4 

^4 


— 


— 


— 


— 

/ZZ-Z 






1 i 




. 





7 

Zu 




1 


LE 

z 

z 

£. 

# 

z 

iLa 


ru 


Y / ^ 

- 7 ^ 





1 


□ 



1 

1 

r 5 t 




JZ 

r 











1 





42 

r 















7 

7 
















7 

















j 7 








1 








' 









_ 





















— 


— 









□ 












rg 

fs 

>- N 

^ S 

^ Cvj 

N 


I 

-i- 


1 / 1 4 . 


z^ 


( 

1 _ 




1 — 

1 i 

7-z^- 


I 

* t 

J 



i 





Z'Z 




p/ “t 

Z 





2 

r^- 

i 1 / / 



/ 



r 

h t-, 

1 ' ' / / 

__J 

, 

z 



Z 


/] 

1 . Jr. 



TT^ 

1 

1 


' 1 J \ 

71 

“7 


- tyr ^ -7 


I--- 1 - 


- 4 - 


-f- 


iS !P 


br^ f- 


Projccfion * Cl" {in Inches.) 


^ a 10 f 2 14 JG 13 20 22 24 2 G 28 30 

ProJecHon “q^ { in inches.) 


NOTE: The diagrams are in accordance ujifh ihe reguiremenis of ihe A. Cl. Code - 1941 
For Jomi- Commdfee reguiremenis add 2 "inches io the thickness ‘f from the diagrams above. 
For Neuj York City Code requirements add 4 inches to the thickness "t" from the diagrams above. 

Formula for plain concrerie cuall foot /has-.. 


• • •' 

■5 ? 4.-4 *• 

.1 • • * . • ^ 

T • • t 


t^a 


4dfc 



A*. ^ \ • 


in idhichi /= To fa/ depth of footing /n inches- 

a • Projection in inches. 

S = J<3/7 pressure in lb. per sq. ft. 
r?-* 0.03li;'. e.g. 0.03 x 3,000 « 90 Ib.pe. 

3,000 Jb. concrete. 


persq.in. for 


EXAMPLE:- 


Oivenr fva/l thickness = 12 inches ( Soil pressure = d^ODO /t>. per sg. ft • and 

Wa/i load • 20, 000 ib.per linear ft. of ujall% 2poo ib. concrete ' ' 

Solution:-^ 20,000 n ... . . 

^^' a,000 2.33 tt.^ 28 m. 14 m. 

concrete, with a • 14 in. and ( 2 , 000 ib. soil 
t- zo,2jn. or Zf/n, for A.C.i. rc^uir^menfs^ 

23 - for Joint Committee requirements. 

f* 25“ for it ecu York City Code reguJremen ts. 
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STRUCTURAL 


FOUNDATIONS 


SQUARE COLUMN FOOTlNfiS^ 


5 fee/ Column 
Concrei^e Co/umn 





a: 


DESIGN DATA. 


C /ear 




L. 


45 ' 


2,0 00 %■ 

900^- 

20,000*/^- 

< 20 %- 
UZ.S %- 


fi- 3,000*/,^ 

fc- /,J50*/a- 
f4‘2C^DOO*lv 
V . 75^0- 

U-. /(S<9^o” 


fi- 3,790%‘ 

fc- I.r2a8% 
2,^20,000^^^' 
= 15 */^- 

u -- 200 */o- 


^ ^c.g, of re/n force 

— 5ecf 0 r for bond / moment- 


>enf 






^■'^r^a \for ', ! 

Qgc^/ya/ fens/on. 

d a d 


i Depfh of fooh'ng /s determined bu d/aaona! tension 


^TixO.SfSd ^‘^^°^f^^'''^eferofdorsfn/nches. 
1 Moment ft. tbs.) (Check for fc.) 


O • 


y . (>v-.(7}r C- (a * 2 d f'j 

0.S75 X 4(0-^ 2d)d 
(iv-QJhfb-a) ^ 0.35 


f^here: r/ - So// pressure in */b‘. 

^ = tVei^hf of footing /n%i 


(in ft tbs.) (Check for fc.) 


~ 20,000 xO.SJSx d 

5. Reinforcement must satisfy both Zo csnd As. 

^ tiumber of bars ^ cu/U yary direct Jy with increased depth. 

of bars is cbanged-f^oyide eguiya/ent perimeter ujhen 
bars are used-, and eguiya/ent area when smai/er bars are 


(in sg. inches.) 


TABLE A-SOIL BEARING VALUE. 
2,000 LB. PER 5 Q. FT . 

CoZZ/i r fc- 2 . 000 ^,-\ fe o.ooofol 4^) . 

LOAD IN b d min. I REINF. IminJ QriKiE: Im,... I 
lOOO LS. 


fc -3.0 OO^p fd5750% 


29 


45 


4 i G 


■iil 

}2 


a eachwa 


Min. RElNF 

Q each w/n 

I ft A 

5-2 ^ 


min. RElNF. 

Cl each way 



5-2 



13 

> 

1 1 


i.,4 

n- 

2 ^ 

22- 

'C 

19- 

i*’' 




9‘2 








/O' 


12- 


id 


4 



208 i f'-O’ 18 


245 


2S3 


15-4 ^ 


I9.id 


2! - 4 ^ 


/S- 3'^^ 


3Z4 14-d 4^ /4" ZO-8 14" 20~l"^ 
3G9 ! 5-o‘ 29 /G" 23-^^ IS" 23 -}d 




5- f 


a-i"* 


S'4 

iO-8^ 


1 0 - 


to' 12-^’^ 


15-i'* 




2,3- 


1 5" 20- 




‘.Rdf 23^15 ■ 23- k"' 14- 23- ft 

!Jid_£J_2f‘' 20- C /5- 20- /'t /4- fpTfl 

On A.CJ. Cope - I94i. 


TABLE B-SOIL BEARING VALUE. 
3,000 LB. PER SQ. FT. 

[COLUHM I fc^aOPofa-j fe=3.0O0tl^<|fjr3 75O^ 

LO^D >N b <i ImiM. I RfINF. [fXIN. I RElNF. |miN.|re|NF. 

lOQO LB. Qn.^I a EACH WAyI Ol UArwu/avl n Ica/-uu., 


3,000 7o 

RElNF. 

each WA' 


fc = 3750 7 p' 

MIN. I RElNF. 
a EACH WAY 




9-2 


/4-2^\ 9" 


/2'\io- 20-id 





24-2 


L"4 



22/ 9'-0 


210 



21 -zd 

/i' 24 - P 
20- 14- 27-id 




324 


382 /2 



12^' 


30- id\ 




2 


Q 

9 • 2 


14-2" 


13 - i"' 


I 2 -i’^ 


IS- i 


IS 4’ 


16- it 


/ */ 

2 


id 


444 


5/0 \j4-'-0- 



15' IS- 1' 


i6"\ 28 -¥\ /j-j n.rAi4’\ la-C 



530 

654 



26- 


7 , 

3 


28' tr 


31- 




20- /j" zo-fd 


22' fd 



25- / 



20'}"° 









































STRUCTURAL 


?-S3 


FOUNDATIONS 





-L 


— COLUMN FOOTiMr,*^ 


5f&el Column. 

Concrete Column 


3 ” Clear 


<s 


c- j. . -^■9- ^'^^^tn^orceMenf 

■Section for bond i moment. 3 


a--StW=. 


D ESIGN data. 


■ 2,000%- 
900%- 
20,000 %■ 
<so%- 

n2.5*/o- 


ft-- 

fc: 

fs> 

V - 
U r 


0 , 000 %- 

/.350%- 

20 , 000 %- 

75%- 

168*/=' 


fc-- J.7S0%- 
fc-. i,68a*/a- 
fs‘ 20,000%- 
V -- 75* a- 

a- 200*/^- 


table A" SO\L bearing VALUE 
4,000 LB. PER 5Q. FT. 


column 

LOAD IN 

1000 LB, 


d 

IN.) 


fc = 2.000%-| fcO.OOO*/n- 


>1iN. 

a 


REINP. MiN. RElNf. 

^ACHWAy a EACHWA' 


= i7507o- 


MIN 

a 


REINP 
LACM WAY 


5-i'^ 


TABLE B-501L BEARING VALUE. 
5,000 LB. PER 5Q. FT 

COLUMN fc =2.000^o- fc-. 3.000^a« fc -.1050 %■ 

inn*n,’= ^ ^ '^CINF. MIN. I RE\NF. W 1 N.|reiNF. 

1DPQLB.| |(iN.j| a IeachwayI a each way q eachwayi 



/2-012S 


/i-0* 



33-1* 


32 22" 38-r^ /S 


23" 33-i"*l 20 


900 \l6'-o\3&\z5"\30-r*\z2’ 23- ! 

Based on A Cl. Code- /94I. 


l7-!"t 

IS-I"A 17" 

20-H\ //• 16- 1"° 


18’ /9-r‘’ 


39- at 


23" 2S-I 


20 


2^-!'° 1150 l6'-o\37 28“ 45-^24’ 28-) 



- 



2C>’l 


29-} 



































































































































C-S4- 


STRUCTURAL 


FOUNDATIONS 


UARE COLUM 


FOOTINGS.^ 


S fee > ' Co/umn 
Sc ’^c.^e'^e Co/u.^n. 








J C/ear 


'Xi 




iN-¥L 


4 S 


c.g. of reinforcen^nt 

Secf/Qn for bond (momeni~C> 


DESIGN DATA. 


2 , 000 */a' 

900%- 

20,000*/v 

i 0 */o- 

/l2.5*/o- 


fi-- 3,000%- 
fc^ J,3S0%- 

fs = 20 , 000 %- 

= 7 SW 

U.- 168^/a’ 


3,750*/„ 
fc: 7 ,e 83 %o 

fs- 20,000%- 

^'= 75% 

U‘ -Z 00 %d 


TABLE A- SOIL BEARING VALUE. 
6,000 LB. PER Sa.FT. 


COLUMN 
..OAD 
OOO . B. 


fz--Z,OOO^C fc =3,000^ fe- 3,75 O'*/!.' 
b d MIW. r.e,nf. mikJ reinf. min, reinf. 

IN.) a EACHWikY a EACH WAY d EACHWAY 



r# 






S’ 2 


!Z-Z' 





G’2 



8’2 


L »4 


15' 2 



13 ’2 


JO' 16 - i'i 10- 15- 


19 ’ 2 



3Z2 1-£-\zo Z4 - i 


3G5 


4 I 0 



Zl 


Z 2 



27 - /' 


9 0'\ZS \ 18' 3 i 


3 

• 4 


ji’i 


fZ" JS- ir /7- 


ZD’ 


14' 2! - 


16’ 


15' 20- i 










5^ 9 6 25\ 18- 32- n /9-/Tyr //-/ 




TABLE B-SOIL BEARING VALUE. 

8,000 LB. PER SQ.FT 

columnI I . I fc-.2,ooo%-\ fc = ^000^/o-| ft»3.75Q% 


COLUMN 
LOAD IN 
1000 L6. 


10 


90 




I fc -IfiOO^/e 

d MIN. I REINF. 
(IN.) a EACHiVAY 


6-4^ 


7 /0" i ! 


MINI 

a 


I reinf: min. reinf. 

EACH WAY I a EACHvyAY 


12 




8- z'A 9 


lo-i'* 


7-t"* 


9’ 10 -z'* 125 4‘-0'\lz\ll" 13- 8‘* 



10 " 12 -V 


158 




-6' 



/6-i"^ io^' /6- a^ 



/3 '2 


L-4 


!94 S' 


/r id’l^ 



255 


280 


5 d /5 / 3 " 20 


21’ 

327 0'Ald\lG 





fZ^ 


tl’%” 


IS- i 


zo’i 



14 


IS 



IS 



373 


432 


492 3’'Cr 


353 8'6'\24 




22 


ZS- 5*^ /5* 


Z4 - 












) a - 


15" /5-i*^ 


Zl\n" 27' 



}5"\2&- 


b’ 


18 


14" IS 







<3' 29 


30 


G20 S’'0'\25 


9 



}■* !£• 


i"* /7- 


563 .'0-0- 26 1^ 34- iH / 7 ' lO-H IS" 12-r 


6'\27\ zr 35- IS- I4 - yH /7' 14'}"° S35 llO'-G" 


G90 


760 \l0'0 




32 'i^* 




15 ^ 


5 “ } 3 ' 


2 G' 


H H^ZO 


Z6\22'' 34- 


19 


29- H I8‘ 14 


•>a 



G80 //'-O' 28 zr\33 


19’ 15 - 1” 17’ IS-J'o 



22 " 35 - 3 '* 19 


38-8"* 



18' 15- r" 


20 ’ 2&-1 


9/5 

is- n-r- looo 

,s. r- 16 - r- ,090 




I 6 ’l 


- ibO 


^40 13-0'' 33 25' 33^ 

/OeO f4'-0" 3^ 26" 40 - 

^ 250 I S'- O' 38 29" 4 3- 
1400 fG'-Q' 4o 30' 43- 


8 22' 2! - /"* 

23' 23 - r" 

25’ 27 ■ r 
26" 31 - !•“ 


ii L?<5” 42 -i'"* 


20’ 2! - /'" IZ70 



Zl’ 24-1 


1460 



dosed on A.c /. Code ■/94I. 


23' 21-1"" ,670 

^ ■ " - ‘ 

24‘ 32-!"’ ,900 



39 


42 



45- 


49- 


I'* 


I' 



5! - 1'* 





28 -i"* 2!' le-r" 
ts-r’ ^2’ 19 -/”’ 
20- r” 22' 21-1”’ 

24 • i"” 23" 25 -V"’ 
28-1” 24' 29-1''" 


32 •I"” 



32- 1"" 


29-\37- l"‘‘\Z7- 37-! 


- IHg 









































































































STRUCTURAL 


FOUNDATIONS 




SQUARE. COLUMN FOOTIMrn<;' 


Sfee/ Co/urrin-^ 

Concrete Column. ' 





I ^ ■ I , ■ 

eg. of re in force ni^f. 
Section for bond 4 moment-^ ■ 




kV-t L 


0 

* 





D E5IGN DATA. 


fc 

fc 

fs 

1/ 

U 


2,00 O^/o" 

90 0 %’ 

20,000 %• 

1 1 2.5 %" 


fc- 3,000 %■' 

fc^ /.JS0%- 

fs - 20 , 000 %' 
V = lS**/a“ 

a - l& 8 %“ 


fc: 3 , 750 %' 
fc-- 1,688%’ 

fs « 20, 000 % ■ 
y = 75 %e 

u: 200 ^/u- 


TABLE A-501L BEARING VALUE 
12,000 LB. PE R 5a. FT 

COLUMN /g ^ 2 f 000 fc = 3,000 fc = 3,730 %' 

LOAD IN b d MIN. I REINF. MIN. [ RElNFT WnTI REINF 

'QQQ (IN.) a EACH WAY a each way a each way 




145 


3-0''\ 12 


J 2 


651 


141 


340 


940 


1050 



133 


240 



2560 


2900 


295 


556 


4 23 G'-O’' 13 


495 20 

513 r-O" 2! 




}0-i"° 10’- 


i3-r'° 


i4-r‘’ 


}3'' 


n-r° 



3-1'^ $" 

n iO" 

i 3 - 1 ''^ 10 ^ 


} 4 - / / " 


14 





2 f-n 16 “ I 2/ 

IS" 23 - 1 '"' / 7 " ?i-i' 


!5 


IS- i"* 13 


! 4 


IT 20- 15^ 20-8' 


Zl (5 



25\2r 24-1 




Hn 



24\ 22 


26 



24-3 


19“ 26 fB" 

21- 20“ 26-1"^ fr 


2l\ 26" 2S-r^\ 23" 29- 8‘ 


3/~ro 24" 32- I 


23 







16 - 4 "-^ 


19^'* 


20-i-* 




23- 


Z4-i"* 


23-^"^ 




2 5 - 8 "* 


29-i“* 



35-1 







ll'-6"\35 


I £>51 IZ'-O" 3& 


1940 I3'-0"\40\33 


Z5” 34- zr 


31- i'1 24- 


31- r” zr 40-^25“ 


21- r" 1712 /o'-uVslJz’' 42-r’ 


da-r 



z5-r‘ 


Z5-r° 


2&‘ 27-/"” 2&‘ 28-1"° 
42-1'"’ 29' 32-1'"’ ZT 32-1"° 


TABLE B-50IL BEARING VALUE. 

16,000 LB. PER 50. FT 

IcotUMN fl: =2,000%' f%3 000 %^‘ fc^3150%” 

LOAD IN b d MIN. REINr. WIN.! REINF. MIN.|RtlNF. 
I OOOL6[ g EACH WAY d EACH WAY d EACH WAY 


5‘iH r 


y-6" \4\ Jr ii-r° jr // -ii /o'' 



^ i •• 0 


9-J 


JO 



J3-I 


J6"\ JS'I 


• ; ’'O 


12" 12-8 


U 


••a 


393 5'-0"\ iS 


415 


565 


662 




Jl-i 


• / 


14“ 


15“ 


20 





Z/ \ 20" ZI'J“° 




J3" J4-1' 


14“ 15-8 


13- i'A 15“ J6’3 


Id" J5- J6' 18-3 


Z5\ zr 23-)“^ j$" 10 - 



765 7'-0' 25] ZS'' 25-!^'° id" 17-1 


880 


26] 25" 27-J“’ 20" jS-J"^ 


JOOO 8'-cr\ 21 


1127 8 -£'128 



s 


/9-r 


20-l'^ 


hi 


29-r° 22" zo-i"^ 


23-8^ 


2!" 26 -i* 

32-1"" Z4' 22-!"" 22" 28-^’^ 


^ 2 5-1'“’ 23' 21- 1"" 

1405 9'-6‘ 30 30" 38- 1 "i 2G’ 26-1“" 24' 23-!"" 



126,0 9'-0“ 29 29' 35-1"" 25 


n^58 lO'-D' jojzS" 32-r 24“ 33-l"*\z3" ]9-r" I 555 
1275 IO'-&‘ 32 


1390 ll'-O" 33 



32 3l" 40-r" 



// - 0 " 


33" 44- r" 
/l'-6i3l\34" 45- r" 



25" 24- r”’ 


26-1"" 


30-r'" 


n-io ol 45- 30 31-1"" 

IZ'-O’ 38 38" 41-1"" 33" 33-1" 


2&15 \l3'-0‘ 


2240 \/4‘-0"\42\3T 45-1"" JJ" 36-l"° 30 31-1"° 3020 





46 39" 4 7-l"° 34" 41-1 


32 43-r" 

4a\4l" 51- r<’\ 36‘\47-l"°\ 33 49-!"° 


40" 50-1"" 34" 36-r" 


42 



3460 


3930 



48 45" 


5! 48" 



JS-J"" 


34" 44 -J"" 


52-1 


f a 























































































































































































































STRUCTURAL 


FOUNDATIONS 


BE 

100 

95 

90 

85 

80 

* G5 
UGO 
55 
50 
45 
40 
35, 



Limits of Curve t 


?*000 cor>c.-L)p+o fG'lonq. 
3,000^ •' -Up-fo i3'lonQ, 
4750* “ -Op to lO'lonq. 
"ifor longer fooiinqs 
ijDv cuRve is r^h?r 


LO i.z 1.4 1.6 1.8 ZO 2? 24 - , 

RAT 10 b/w yy : 6^0- Ot. 

FIQ.A- VALUE OFL'FOR TRANSVERSE REINFORCEMENT. 

Rectangular combined fo ot i ng s.'*' 


RECTAN 


^ One s/de of sqt/ore Co^un^n g/Ven /n Square 
Column foo//h^ TaS/es; a, */ong s/de of rec/ongu Jar Co/, 

Ot= short S/de of rectango/ar CoL 
SeJect re/n for cement par a//e/ Jo a, from square fbot/na 
u/hose s/ee /s » A - a, fa, ^ 

Ce/ect re/h for cement para//e/ to at fom square fbot/na 

cohose sire /s s A f n * n^ ^ 



ZO '- O " 


f-ir 



/S- U‘'°Hkd 



PL»,~ I m-ttllKi IS-H-’Hkd. ) f 

ren t^r nr , j-%c f- r. _ ^450,000x20 


hg 

ft 


X-m3:M.10M00,3.4-S.500jl n Z 'T S.SCC S.SX, ULnce 

Next /n^^esdgah bona ob f boohed eocb end. 

•Uni/ Sheo/W^^ '//4/b/S?n ' ' ' /°'' ^ i5i)0^S.3xJ.a3^ ?47.000 Jh. 


A 9/;' areo ofonp /fy/f/f/Z ^/nC/S .Cl O^a/ rbe depfh_of//^s/a6. The 


and found 7 a be / 0 -f^ bars. ^ /r 

e,aaUo/he 






Q 3 I 

H 


footing 


m 


\Hit 




■Qeni&r of 


or n 


d-f=6.0Q' 

«3L ~c/^/4..n'’' 




h-k--i.&&'\ k 


h-- 7.44' 


••a 


n 


f=£ .e4' 
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— 

s 

«D 


u 


6TlRR«JP 


ia-ik"°nkd. e.E. 


9 

A 




1 

^ Sf/rraps see i 
I •Skeich ct^oye- ^ 

^"^-/3"o.c. ^ch way 

!G.S 5 ' 


<h" 


r"i zi 


• I 

L-L^ 


n-l-*Hk. 


1 


PLAN 


E LEV ATI ON 


B--l. 5 i'; c-t.s'i cdoc.'of cofu^mnsTs)a'fo'-^ ^SO, 000*; Co/umn Lz is 2r square, /oad aiJ 80 , 000 f 
*v/y/, intermediate grade steel & to^OO^r ' so, t pressure ,s a, 000 *r'; 2 , 000 * concrete 

REquIRED, - 5,ie of footing and necessary remfarcement. 

... ‘ ^ Srsvity Cc.q.') of toads which must coincide 

w.th center of grav,ty of footing for uniform soil pressure - f^did , 2&0,000.,4 r. 

/. h * /-^c = S.Sd'-f f.s' = 7.4-4 feef CQO,000 

Frorn formula d = - JJSC4k fQ.S3~^ ni.cd ) a a c £■ _/ 

“.<^3 reef. 

C4)- From farmu/a for area of trapezoid ft' . ^(i)tHen - 4. SI feet. 

(By 0.-(a-b)^ ^ 3.4S-(%4S-4.Sl)~^^7.23feel rG)- c.a" or k ^A(.^±l2.)=7-f4ro.4Si-2x7.?e) a .1 

\U “ - - 2 =C?.3 square feef. 

CS ) ■t7.f-r(l,.ktr. 3SO,OOO.S.t<t-iZ3,3M,S<i<,0 . Xs. 000 ff.lt, 

From krinola fsr rtUoooo/.r teems d . J^. j,, Mel depH, efts' 

Then from formula Fs .3 os.ooom rz .an <:a in /A /l"o u l u „ l. j 

zao^oZs&eni^ ^ ^ooW each en</, 

Nex! invesllgale bond a! Cols. Li and Lz. 

Shear at Col Lz ^380,000 - -^f>^pJ^3,ZS.S<iOO f?5i,000 Ihs. Bond u-,-^ or do. of rods - ^.53, ooo 

14-li ° rods hooked at each end is satisfactory. ^ SCS.ZSx/so 

Shear at Cot. L, - ?SO,000 - ?. ,7 . SfiOO > ?7 1 ,000 tbs., which is less than shear at Co! Lz 

Transverse reinforcement is provided to prevent bending of the projection of the foohng. Consider, ng 
Cot. Lz, and assuming the width of the distributing beam as 3-C", the lnnd= - 3 60 , ooo s.^s-z.n. 

14.0, SOO tbs . Then Mom = toad k = /49, soOit S.*s^-?o -.Z78, OOO ft. tbs. Then r/( m6%t6.,Z ^22.5 Chilh 

is smat/er than depth of footing; and - G.l‘'-'or /O- id hookeflTchend. 

C^— L _/ -l/ .v /• t tAQ e-e\e\ 


For bond u- j ^ . or No. of rods- 

Zoju 


i^s.soo 


-oy« mTEc^CIsoTfe ^ ‘ number for bond conlrol5. \ use Hooked ea. end 

Tn the same mariner fhe dislnbutlng sleel for column Lt is determined Load-^^^^^n 4 -.B 7 ‘Ui 

f^om. = 38 , 700 >^df^..U ,300 ft.lbs. and orS-fd. " ' ' 

F-or bond the no.ofrods.-j^^,^2^.,q ,,, ,z-t^hooked each end. 

^JnTIni. distribution beams s,nce each distributing beam 

and column has a similar toad fo that of a single foohng. For such footings the intensity of 

.fp, CO, an,r, etoc/fo th./cpfh if fh. Miog * W Coo,pcfc FM fclTZ /ooMoZoi 

determined as ,n a single beam. P/oce rods m the boFom of footing as shotn in sketch cdf-raTc 
each way) fo prowde far f^osstbfe defeefs In fhe foundaf'on bade ^ 
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CANTILEVER FOOTING CCQMMONLY KNOWN A5 PUMP HANDLE FOOTING 


O 


^.V*. 5-£. ' 

1 1 

T] 

• V 


L'" : 

1 1 

• 1 

■ 


« A «« 


• • I 

0^ 


4‘0 



% 


fS‘d” 




' ^ Potni of Mgk. Mom. 

000*^ i Ink Cof. 


C’O" 


^ PLAN 

/5-3" 


J wf Sfrap: ttOO^^^ffissumed 



't^p^z4o,aoo 

Qy'Q- 


No pressure EXTERNAL E0RCE5 AS A FRFF Annv 

Qssume<^ fn pump honc//e, ■ 

E LE VATtON 

- Column Li -- IS",24.-\ loac/ of ? 00 , 000 *; Column U ’/?’ square, had of GO, 000 * of which 

30.000* 's D^d Load-, lS-3- from i of mherior coL Lt h Ihe ouHIde face of exierhr co/umr 

oyowab/e so,! pressure of f.,000 /bs. per sq. fh-, ?,000 /b. concrete *v/M /nhermediahe 
grace re/ n force men f. 

SE^UIREQ: - Sfj^e and re/n forcemen! of hhe eccenlrica/lu haded fooh/na and 
■ he conneck/ng beam or sfrap, ^ 

'^ne co/urnn fooh'ng is designed In hhe usual manner and H is 

cssumea th/s desran has been mcd/o. 


abouh 30 per cenf 


-ssumed Ibis design has been mode. 

The area required for ihe ex her /or column had, of/ovu 
for Ihe Luelghl of /he foo/ing and sfrap. = 

?G0,0O0/ii,o0O - G5 O Sq. f/. /7 base G-O" x //-o” / 's Se/eded 

<^opher,ng /he s/rap as a free body iv//h /he exferna/ forces us i// us fra fed 

?OOaofx%‘^nnn°^,A^'^ <^s’/er/r7/A7^c/ by faking momenfs abouf /?, asfo//auis.- 

^ h rnomen/s a bouf as follows: - 

i^sjhan fhe c/ead ^ 

The momenf of /hs sechon ,s lhen^_Mj_-200,000Cs.l-O.7S) -l/00x^i-?d0,ao0x^. 

3G3,b00 Oi-4.,3ca000 wdh b = SO ', = 3 /" or /o/a! depfh ^ 

crry^7 ofs/ee! for momen/ -- /9, -' ^f . . -.5./°" Mo. of rods fdcnd - u 50"" 

^rrehre use o-p rods hooked'%°°cd^i%'J',n fhe hp of /he s/rap <^^'^ 0 x.S 66 x 3 ,-^‘S . 

/ns/de face of /he ex/erior co/umn V- -?oo^OOO-IIOOx/.s*?C08oo/c. 

oof.n,y hfjficTiiirrii Tf''iZTr'’'T,tcir 'ri'r"”' 

reinforcemen/ Is approx imo/ely 30 * 7 xi x sn nd '■ ^ of /he langl/adinal 

ujh/ch ore f/aurf>d in kho c^nno ^ ^ j- /. jTn.Jfig “ iZZ^F/o recutnnq shrrups 

rr 

Alexf ron^iNp, 4 k'°'^b'° ^-3370 /“ which is less /han 4,000*! allowable 

Ned consider /he ex/enor foohng design. The nef apward pressure on each of fhe 

lii'TZT Tr* o(,H. sZpp }, . 

for bond - no. of -%'•</ bars - Sasn , an c: . r. ^dOOOx.SG&xb/ ' - IS-f * Hkd. ea.end. 

^ '*• fkook^d ^ach end, 

'* J of overhang . 


^ Ado pfedfr^m Urquh^rf ^O’RourAo, D, 


of 


S/ruc fares, M‘ Crs w - HiU. 


TYPE OF 
PIL E 

kVooc/ 

Compos J^e 

Cos/ /n p/occ 


PILE DATA 

TAE>LE A -PILE 5 PACIN <3 AND LOAD S t 


5 P A C 1 N G 

MIN. C TOCH remap. K S 


LO A D S 


2-0" 
2^ 


2 - G " U3ual 


USUAL LOA D 

tBTons s'Pojnh 

20Tons 8’*Pomi‘ 


o/ o • 


Sorr ^3 OS M/o&d. 


2-G" 


Pre aas/ Ch/7c: 


2 - 6 " 


2-0" AocM 
2* a Port 

2 '$ **Bo 4 //^ers a/ 

Z'C Fncffon 
2-0" y^ocA 


filJcd 3/ec/ 
/>//?c driven 
Open ende d 

3fee/ H 
p//es. 


/ncreose spoc/op f'per Fon 

for Jeods oven 30 For 7 S* j z ' t- 
/ncrease spocMp /o 3 •O'' ' ^ To 

for JenpMs ov er 30-0'' 

VorJes PV/F/r p/Je des/gn. | 3o Tons 


- - " 20 " do. 2 

*• • " 20 *' 2-‘6 

Jome os Cos/ /n p/oee. 


RE M ARK3 


»« 


/^/so /ess //to /7 fh/o 


2 ' G"Pr/e//or 7 jf^ 

//noes /r 70 j(//fr, c///r?or?SA 3 r 7 f 

depends a/so o/r ieorZ/jp j/^dx 


DrlZ/ed /n 


Zgoic/ 

Pecorc 
iv/ /hacf / 1 


Dep 


e /7 


'/y /bn /o/A 

V/ 7 S, S'ee soi 


/n crease 2 Tons for each 

// 7 creose /n po/r?/ d/o/r 7 e/er 

o\/er Xf'ap /o 4 CTo/7s max. 

Srdepe/Td/fjg or? Seor/og s/no/o . 


1 d 3 - S fo /QS Tons 
' 34 . 7 /o 70 Tons 

3 0.0 bo 3 o Tons 

3 o Tons 

4 ofoGS Tons Max. 

.30 Tons 

See Pg. 2-62 

do . 

do. 

Same as Cas/ /n p/aco. 

Dope nds on pj/e s/jOe 

1 do /onS refc/saJ /n hard 
pan or in prove/ or dexj/rirs 
and tf/ien over do'o /o/rp. 

dp /o ISOO Tens 

. m 

Oepe/od an s/^e ofp//e, 

Core Soake/ c/epf/h- 



v/u J- usuoy/y carnpe/Fed ^///r fng. - 

y’ Sa^ c/o</s, jhs or W 

nor<yj^//r>/,f/rf /orr 7 ?ir/o sAoo/c/ be cj^ec/cc/ 6 (/ /ooa^ 


table b- probable penetration expectancy for friction piles. 


M ATE R 1 AL- 


Cleor7 Compoc-f Sonal. 


O/^, 


PENETRATION 


REMARKS 


20 /■/. 


Us (JO //^ ye/Ae cJ. 


Pure C/a^ 


3 o f'f'. 
3S Ff. 


C/oy arra^ ^///■^ 

J7// 

G /oc/ty/ ////. 


43 Ih 
lo lOOf/. 
S / Jgh /■ 


PUes eor? ryo/ Ae o^/vo/y. 


• 1 ( , • f* </e4orm/r7,-c/ by o/Z-j- or- /gj-/ roUs. 

77f/s /a6U /s /a 6 e usaU on/y /or a roup A / r 7 <y/<ro/rar 7 Prom bor/'rr^yj- 

- AFE UPLIFT STR ENGTH OF Pll rg 


/^^pricffoy2_PUe^~ /n sand, c/oy or grave/ . Use one-ho/ffhe safe bearing 

Pg/nb Scaring P//es (P/ies driven bo iiord sbra/om) Comr^yir. hu 

/or^i ^ ^^^oring sbrengbb, 0 / maberiai oTnebnTbedSe^n 4^-74 

for soji shear /ng v a hues - A/obe, for sand 250 ib.persg.fb. sugqesbeS: 


■*■ Based on iieco York Cibg Su/iding Code, 


?-G0 


STRUCTURAL 


FOUNDATIONS 


TYPES 


PILES. 


C AST- IN - PL ACE PILES. 


TAPERED PILES 
iETANDARD - STEP 
' (RAYMOND) 


TAPERED 

FLUTED PILE 
(UNION) 

IE 


BUTTON 
BOTTOM PILE 
(WESTERN) 

12 - 


case D 

CONCR. PILE 
(Mac. ARTHUR) 


UNCASED 
STRAIGHT SHAFT 
CMAC./IRTH 0 R£W 5 Ttw) 






1 




S.hef* w'/‘h nser-fecJ 

ry-} / c/ riven /o 

re^Is>i-once. 

Cere >v//>7 o^c7>v/7, 
aa^/np f ///&</ 
r?<rreie. 



t 


3 


av/M 
po in/- c/r/ven 
ro res/s/ance 

Av/f-h Cone re/e. 



brhren h resisfonce 
^yifh sieej pipe 
Casing C^paln/ 
Perm one n / cpsino 
inser/e<i fil/eJ efi^h 
Concrch S driving 
cosing yri-ihdrowrj. 


Driven /ores/j/ance 
t»riih sieel p/po 
Cos/ngSCire. Core 
removed /ermanenf 
Cosbg nterfed, filled 
Yjifh concnSdr'/y'mg 

cosing wUhdrowr}, 


Driver? fo reshlonce 
Av/fh s/eel pipe 
Casing S Core, 
Core removeef. 
Casing filled pvHh 
concrefe and 
IPer? AvUhdroAvn* 


steel p 

OPEN END 

(he RCUL 


▼ill 


PE PILES 
POINT 
-TUBA) 

IE 


PRECAST 
PI LE 


COMPOSITE 

PILE 


WOOD 

PILE 


>,.0 










SECTIONS 


l-r 

F I • 





c 


i 


T 


• ti 


t • 


o 




I' 

L!? 


i: 


. J I * 




forfh h/oA/n oaf Driven fo 

AVifh o/rJt/asdriver> refuso/ar 
/o rePusal and io 
/oodod os calamn. 

r gcr> e f-o / no/e .3 


driven fo re Pus a / 

or /a 



/ 


tdooc/ pile dr}\^rt hehw 
A/ofer levels loresJsAynee, 
(ipperseef/onsp/ered/o nW 
pile S ^i/A cone re/ e. 


SIMPLEX 

PILE 


m 


i « «* 


•« « 


4 « 


A \ ' 


« • 


« B 




d) 



Driven fo rests Icace 
nilh s/ee! p/pe 

casing poin/, 

Cos/hg i///ed 
jvi/h Concre/e 
C'/hen nilhdrawn. 


H SECTION 

STEEL PILE 

XE 


Driven /es 
res/s /a/ 7 <re 


Driven /o refuso! 
ornes/s/anee. Used 
where perre/ra/ion is 
Jn hard mo/ertoL 



drilled in caisson. 

(WESTERN ; SPENCER, 
WHITE PREnTIS). 

'Field weld. 

S/je//s/f//be 

Pick 
'Shop ^e/e/. 
^Cc/sson 

'■ •' ’■ ^ mh}eJbsMJ. 

3/eeI 'h'^sec^/on. 


TYPES 


SOW CAISSON 
PILE. 


PILES. 

pipe pile underpinning 

(HERCULES - PRETEST) 


SON. 


/SO. 


i 


V 


Waff 


■Sf^cf wecf^e 

Groi/f" 


a ■ ■ 




M 


ri Vi 


Cuff/n^ 




n \ 


Imperyfaus 

soif, such 

as cfa^.') 


« . 


* • . 


• • . 




'• 4 


Sell ouf hy hand 
S f/Il wifh concrek, 
^ffer /filing each 
cgffnt/er M///h 
concre/e^, 
kvifhcfnQ^^f Jif/TJc 
un/zf off one 

hz/fhcfrch/n, fe^lg 
fhe canipfefecf 
Caisson /n p/ace* 


4*/i- 


or 


• « 


% a 


r i 


^ Shori fk^i cofvn 7 f> 
inserfed S^tvedged 
figh/ of hr zvhich 
Jocks are remeved. 

Hgdroufic Jocks. 


.O 




3 ecffon a/ shef 
cgf/ncfsn Jacked 
fo sulfohfe 
hearing & filled 
i^ilh conerehe . 


«0 


Shelf driven /o hoeJe, 

cleaned ouA f^ock sockef 
Is dr) fled, core j/?ser/ed 
^ S hell fl'Iled fvilh Cancrele, 


Sxcova^ shdfop/pil hg hands, p/oce 
fop cgfinder /n pi A Second Cgf/nafer 
Is placed /ns/de /he /irs/ S repeof 
process unfff caisson reochts /h M depfh. 


Cy/Znde^r' /Is 
rv/hh yoehs 

overload Cap 


/os fed 

/ o a/7 

ociiy. 


PILE NO.* 

i,i ,ir;2:,2r 


Slee! cgfinder sun Iz 
/crock as ear/his 
removed. Bolkmsealet 
wafer /emoved and filled 
i/Jiffj Concre/e* 


NOTES 


^ecau/ions are retjuired /o vt-nF croll apa ing of sh^JJ tv he n 
dr/y/n^ aid/o/nsragt jo//e^4 


741 


ly//’ i/ncc 7 se</ p//es,precaai}o^s s/,au/d he foken io prevent o'ornoge ia 

c/r/v/n^ odjo/ning piles hecac/je p//e / 70 s /yd j-heei C£ 7 j// 7 p aroc/r><d /A 


I7i 


Wherashe/f Js fnser/ed fnSide driV/n^ aas/hff and aas/zner svJ/h drawn, jxaif 

mc/sr he re/sed ^ 0/7 /o /?//? /rrnn/gr as /Y // hoc/ hee/y <dr/yen 

^/rhoon caas/nge 




ar 


J.L ^ ' 'fJ c^rt^en o/oen ende^ U />re</eie>-n^/r7ed 

depAh and f///ed w/A ConareAe. APAer cona>-eAe has seA p}ia is dr/v<ra Ao reau/red 
reS^Aaat^e , TTy/S /S done So os rroA Ao disAt/rh adjoirtiap kva// and^iz/TdoA/an 

and o/so w/hen dr}v/np aasA - /hyo/oae pi /gg Ao prevenA heov/r?^. 

PreaosA pA/^ ora e/sed /or /r7ar/no sAracAure, reoa/ro Aeava Arond/ho 
etpu/psrrtenr. ^ .y 

Ci/A oAF (Vo<s<d pi/e he/oiv permo/oo rjA ivoAer /eve/. 

CreosoA&d tv^d pi/as asod pviAA caA oFP ohovo perrr^orrooA woAen 
isve/ Aor/f my ed //re. Preaaa//o/7S opa/osF ovordr/'^/'r/p sA’oty/dPe Aa/en 
VuJnerabJe fo rnar //-}0 borar.^. 


I TO IX 


xnr 


CAISSONS 


Thepi/es hove Jess pive under ho^rr^or Ahan opiJe o A more A‘Aoj(/’p/e 

marer/af Sc/ 0/7 as Svoad ar Ca/ycrake and aansegi/en/Jc/ //* c/r/\/an 
fo /he Sarr/e £m L ^ ^ i y / 


p ^ r » r W' J 

, hove a greoAer' soPeAy^ AocAer'. 


* ror 


SAeeJ H sejAions ^Apu/dnoAheusedAhroupAcinPerS.ashP// or r/or m a //n 
acr/ve re/sA prodac/r^p moAer/o/ ir// AAooF og/e-y^iyAe. prorecA!or 7 . 

Th ese ore cve/o//y osed JwAer? S/nAinp FoundoA/o/y Ao considerah/e dep>Abs t^/'Ab 
heavy /aads. This is ds/^a ha s'hee/i/rp, s/ee/ s/ree/inp a/id s/ce/ cui/ndans , 

In case of cnndiH on ,operoA/ons aorr/od or? under Compressed o/'r 


s<^a 2'GO 


STRUCTURAL- FOUNDATIONS 


CONCRETE FILLED STEEL PIPE PILES 


DRIVEN TO REFUSAI.. 


Ol 


allowable: load in tons and spacing. 

ON ROCK I ON HARD PA.N SPy-DERS OR 




A'A L L 

thick- 

ness. 


GROUP PILE SPACING. 


LESS 

THAN 

SO' 


MO«E 

THAN 

GO' 


5PAC' 

INQ 

CToC. 


LESS 

THAN 

60' 


MORE 

THAN 

60' 


SPAC- 
ING 
CJo C. 



6' 


-f 

24 ' 

I 


30' 

! C 

• ^S‘ 

! ^ ^ C 


24' 

1 38.5 


30" 

^ A 


1 6C.f 


. 24- 

1 


30' 


' C' 

' 66.0 


24' 

I 42.2 


30" 


^ 6- 

<23.0 


24' 

44.1 


30' 

12V 


’’0.0 

- « . 


24' 

49.0 


30" 





24" 

53.9 


30" j 


f 4 ^^ 

64.0 

1 

24' 

58.8 


30' j 


-S' 

80.0 


24" 

56.0 

iO" 1 

14- 

^ /6 ' 

58. 0 


24' 

2L6 


ioH 


' 2‘ 

96.0 

1 

l_ 

24^ 

67.2 


30" 1 


’S' 

30.0 i 1 

2sr^ 

23.0. 


50' 1 

15’ 


93.0 

I 

\ 

23' 

293 


^ JO" 1 


/ A • 

1084) 


25’\ 

700 

1 

30' I 



100.0 


2G‘ 

70.0 


30’ [ 

16" 

7/ v“ 

//© 

no.o 


22' 

70.0 


JO' r 


Vz' 

120.0 


22" 

70.0 


JO' r 


^ s' 

120.0 


23' I 

703 


JO' I 

16’ 

vVg* 

132.0 


Z8’\ 

70.0 


30" 



144.0 

132.0 

23'\ 

70.0 

70.0 

JO' 



144.0 

132.0 

26' 

70.0 

70.0 

30’ 

■ 


140.0 


30' \ 

70.0 


30" 1 

20‘ - 

1 ^$' ‘ 

154.0 


30- j 

70.0 


JO*' L 


'/2' 

128.0 

154.0 

30'\ 

10.0 

70.0 

JO" r 


~^/s‘ 

125.0 

1540 

30' 1 

700 

70.0 

- - 

30’ r 


LESS 

THAN 

60' 

30.0 


MORE 
THAN 

SO' 


3-PILE 

PICR5 


30.0 




33.0 


31.5 


35.0 


38.5 


30’ 


a 


INCHES 


5-PILB 

PIERS 


INCHES 


INCHES 


7or 0* 
PILE 
PIERS 

a 


INCHES 


30-^ 


J4 


U 


2f 


49 


42.0 


40.0 


34' 


44.0 


34 ’ 


49.5 


34 


50.0 

50.0 


50.0 


50.0 


50.0 


50.0 


SO. 0 50. 0 


50.0 


50.0 


50.0 


50.0 


50.0 


50.0 


50.0 


40" 


25 

/5 

7'/2 

16 

22 ~j 

26 

J 

7'/z 

18 ‘A 


25 

1/6 

1 ^ 

2o 

~U'/2\ 

30 

r/7 

5‘/2 

~ 2! A 

22 j 

32 

1 

T 9'/z 

22'k 

28 

34 

1 

1 

24 

29'/z\ 

35 

20 

\ 10 

r 25 


36 

2/ 

lo'/z 

25 'A 

3J 

3a 

22 

1 

27 

33 1 

40 

23 

n'/z 

28‘/z 

35 

42 

24 

1 

30 

3e'/z\ 

44 

2S'/2 

, 1 

13 

3l'/z 

38'a\ 


40’ 


50.0 40’ 


RACING FOR CONCRETE FILLED STFFI Dii 




0 




0- 0 d) 


f n 


NO 


o ^9^ <y/^counrecf for corr-oj^/nf^ yvi/VA 


/he p//e /oog /j based on unj 






?-G3 


STRUCTURAL- FOUNDATIONS 


PILE FOOTINGSr 


T 


'tJIN 


UMBER 

Of 

Piles 


/ 


U Concrete Column 

eg. of 
re/nf'- 


'rC/eor 


/ 




/ 








-i. 


PLAN 


/ ^ tf 


T 


5-5 






I 


1 




5 tee/ Column 
a= 

2 





Id 

1 1 

1 1 


h 



Section tor Bond dr Moment 


1 DESIGN DATA. 

n -- 2,000*/o- 

fl = 3,750^/e 

fc= $OO*/0- ^.Jj50*7o' 

fc -- iCSS^/z)- 

fs.20,000*/a- ii.20,00O-*h>- 

fs ~20,000*/o' 

60*/a- / = 75*/a- 

y • 75 ^/q" 

U - II2,5*/d“ U' 

u* 200^/0- 


/ 


\ 


Brea for 
diagonal 

tension. 





!B 

E 

n 

SI 












Is 

Aj 

1 

m 

SR9S 

!l 


r 

K 

SB 

a 

H 


1 — 


mu 

i 

H 



. S-0^ 





m 

--N. J 




k 



H 


n 



M 


ai 



SB9 


f 


^ Based on A.C.j. Code '1341. 


/ Pile footings Ore designed according to the same 
procedure as for footings on soil. 

2. Computations of external stear at ang section) 

from pi/e reactions has been made according to 

134/ A.C.L Code for determining diagonal tension 
bond and moment. 

3. If depth of pi/e caps is increased, decrease steel perimeter 
in proportion to dep th . 

4 if size of bars is changed:- Proy/de egu/ya/ent perimeter 

wheniarger bars are usedyand eguivaient area when 
smai/er bars ore used. 


For All Footings I fe = 2.000^/. 


Pile 

M^LUE 

HKtPA 


20 


30 


40 


50 


GO 

20 


COLUMN 

LOAD I d I ^ 
IN KIP5 //M) hiN.) 


}8,S\ 12 


EJNFORCEMENT 


LONG SHORT 
WAY WAY 


Ht 


28.S\ 12] ~ 


3A5 12] - i-i"* 


^8.f\ 12] ~ 3-i‘* 


58.S 12 - 3-S-* 

51 1 2 1 C-H 


50 57 \ IS] 1 8-i-* 


5r 


i'e -- 3,OOOVi 

'Reinforcement 


LONG 

WAY 


SHORT 

WAY 


3 3 r 


fc 0,750 */o 


Reinforcement 


LONG 

WAY 


3H0RT 

WAY 


j-/-'* - 3-i-* 3-S‘ 


3-r\ - 3-r j-H - 


3-i‘ 


3 - S'* - 3-i'* 3-1- 

4 - S'* 7 4 -S'* 4 -S'* 


4 -S'*] 7 5 -S'*] 4 -S'* 


4 0 7 6 \ 17] 9 9-i'* 


SO 5S /9 9 e-S'A 


60 116 20 ] iO 3-S"* 

20 54 15 


3-i"* 


3-i"*‘ 


3-i'* 


3 -S'* 


3-i'* 


.14 


3-S 


7 


7 


4-i'* 9 7 -S'* 4 H 9 

4 -S'* 9 8 -S'* 4 -i 


3- i"* 

4- i'* 


3- i"* 

4- i'* 


s-i'* 


5-i'* 


6- i'* 

7- S'* 


3 bonds of 


4 -S'* 


4-i'* 


4-i'* 

4-i'* 


30 63 \ 17] $ 




f » 


4-^^ 5 " » 3-H 


40 1/3 \ /SI fO - 




50 /43 20 1 1 


s-i'* 


60 / 72 

20 72 


21 \ IJ"- 
/4] e] !4-h 


50 112 1/5 /0 n-i’* 


40 152 \ 16] 12 15-S'* 


SO 192 /7 /2 16-1'* 


60 232 16] 13 14-1'“ 


14 - S’* 


17-i"* 


15-3’* 


16 -r* 


14-1 




(0_ 
8 


if n 


rf ft 


•* ft 


4-i'* 9 !» « 4-i"* 

’’ S-i'* 9 
” 6^-* 10 


ft 


M ft 


4-i'* 

» s-i'* 


10 


10-2'* 


8-2"* 

/ 4 -2“* 

1 4- 2'* 9 12-2"* 

/ 2 -2’* 

14-i"* 


15-2'* 

/ 7-r 

n-i'^io i4-i'* 

/ 4 ■ i"* 

/6-i‘* 

l6-k'\l2 16-i'* 

/ 6 -i'* 














































































































OF 

Piles 


PL AN 


For AllFootinqs 


Column 

LOAD a 

IN K 1 P 5 f/Aj 


fc= 2 , 000 */a- 


Reinforcement 


LONG SHORT 
SNAY WAY 



22 \ / 0 \ } 0-2 




fc 0 , 000 ^/a“ 


Reinforcement 


LONG 

WAY 


SHORT 

WAY 


fc = 3,75 0 **%” 


Reinforcement 

a , LONG I Short 

UN .) VJKY WAY 


10 1 3 -Ml 3-^ 



7 - 8 '^ 7-M S 


8 -r\ 6-2 




IS 1 1 !7-H I l-M 70 I2 -Mi2-H 10 12-2"^ 1 2 -H 


13 20-2“* 20-H 1 1 14-2"^ M-H 10 14-2“* 


22 13 l9-i"*IS-h 12 I3-M/3J“^ II I 1 1 -!“* 


?4 \ 14 13-i'* ia-i“ 


14-i"* 1 4 -Ml 2 / 2-i‘'* / 2 -S"* 



7-S 


9-2 


l„i 



7-M 8-H 


12-2"* n-h"* 10 s-i'* ii-H 10 


32 14 13-2* l9-i''*\l2 




/ / 1 -^’* 


I 0 -2"* 


I / - H 


35 14 15- r* 22-M / 3 1 - ! 5 - 2 "* 1 3 l-l'*!3-h 

3Q I& 17-2''* 210 - 2 '* 15 3 -^"* 18-2"* 14 8-i"* 15-2"* 


2I\II 14-2"* S-MlO 


30 I88\27\l3 17-2’* 11-2'* 12 U-H lO-MlI H-i'* /0-2"* 



9-2 



1 0-i 




i / hh 



IZ-i'* 13 13-2"* l?-2“* 


30 3 25 31 \/S 20-8* 13 -i"* 15 17-2"* 14-2 



15-z'* 14-2'* 


16 Z3-s'‘^ 16 20 - 2 "^ 15-Z"^ IS JG-2"^ 16'^'^ 

n 1 3- i"* 13-2"* 1 0 9-i’f s-!"* 

24 13 20-2"\ 20-H 12 I hi"* j hi'* 






? 3 ' 2 ^ 2 J-r 


30 IG 2 hi'* 2 1 -a"* 




a-i* 3 -^'* 


13-S'* /3-M/2 /o-^’ 1 0-i"* 


14-i'i 14 /0-i 



10 


-i"* 


u-M I hi"*- 


























































































?-G5 


STRUCTURAL 


FOUNDATIONS 


yc/ear- 




PILE 


FOOTINGS, 


Concrete Co/umn 
c.g. of 


3"Cleor 




/\JI 


Steel Column. 

z 


; ‘" l 


DES IGN DATA- 

~2,000'^/o'' f! -3,000 ^/d ' 5,730 ^'o" 

fc^i,J50%" fc-/,OSS^a- 

20,000%" fs-20,000%- fs -20,000%' 

G0%^'- u= 75 75 fa- 


U2.5%^- u- IC>8%'' u = % 


NUMSeR 

OF 

Piles 


PLAN 



For AllFootings 


Column 
LOAD a 

IN KIPS n/i) 


fc--z ,00 0 */d" 


Reinforcement 

Q. LONG I SHORT 
,7AJ WAY WAY 



f<:-3,ooo7o" 


Reinforcement 


LONG ! SHORT 
WAY : WAY 


fc = 3.750^/0" 


Reinforcement 


a 

vw’ 


LONG 

WAY 


SHORT 

WAY 



2 0 / CO \ 21 I ic 


3 0 S^clzvl /4 /7-2-^ 


3l\lO 20-2-' 


SO 4 2/ I 34 



S0\ 5 09 I 5C\ 20 




23-z"* 


174 25 i2 il-l"r2-i"f 

2C>8 31 14 19-C !4-H 


40 3 &&\ 3 4 i& 24 -H I a - H i S i 6 S! , 3 -/ 


50 4GI 37 18 224'"^ iG-i"* n 1 1 4' 


GO 559 


i 9 ! 


30\ 2SG 



20 24 -i"* : 9 - 1 


12 14 4"- / 


14 



40 4 02 3 1 I G 2 24"* 2 2- 'r /5 13 4"* 124"* 



^ _ /'/ 




i 0-8 




/ - 


j-/’ 


18-2* 13 



94"* 10 9-4"* 9-i'i 

lo4-* i2 11-4'* n-t* 


14 


50 509 40 /8 



26- H 17 15-1'* 14 4"^ /4 



GO GI7 43 20 2 5 4"* 2 3- ^"* I 9 ! 0 - 1'* i G 4'7 !8 i2-r 


20 209 



14 is4 


15 2 IS 



12 / / U" 


14 13-4 



I I 1 1 


-/i 10- 8"* 


13 13-4'* 12-h 


39 H Z5-h 2 i-2"* IG 14-4*13-1" 



50 5 52 4 3 19 28-J’* 24-H / 


GO £G$ 41 2! 25-^“* ZG-2’‘ 


!8 IG-Hi5-8"* 17 /£ 


-h 


/ J - S"* 


15-8 



i7-HiG-a'* 19 /g4'* IG-8" 




































































































‘GG 


STRUCTURAL 


FOUNDATIONS 


pile; 


FOOTINGS. 


j!. 


13 


14 


15 


Concrete Column, 
c. g_. of 


dX/ear 





PLAN 


- 9‘3- 


O - 

O O ' 

O □ 0 

O O 

G Q- 


cL, - ■ I'-J' 





~ir-/o’- 


r- -10 ‘^0- 4 


o o,_.o (P 

6 GO 0 



m 


&osed on A-C. L Code - 1341 , 


Steel Column, 

a. J^L 


a‘ 


r ! 

1 1 

4 

J 


! r 


i 

/ 

JO 



r 




_._-D 


D ESIGN DATA. 

fc ^2,000*/o- fc=3,7S0*/e- 

fc : 900*/n- fc-l.350*/o- fc*/,£86*/o- 

/i -20,000*/a’ fj*20,000*/a- fs=20,000% 
w GO */a- ‘ 75 */b- y 75 to" 

U ^ Il2.5*h- u » /Ge*/o- u f 200*/o- 


For AllFootingsI j'c- 2 , 000 ^a“ fc» 3 ,OOO^o“ 


Pile Column Reinforcement Reinforcement 

Value Load d a long short a long I short 

1 NKIP 3 IN HiPS (m.) [\ U ) WAY WAY (|N.^ WAY WAY 


32J Z4 14 }2 


fc 0.750 */d" 


Reinforcement 

O H-QNG I SHORT 
[\ U .) WAY WAY 


// 


-/H 


30 348 23 !& 20-H 20-^"* J5 14-1'* l4-t* 14 1 1 -S’* II- 1"^ 
40 475 32 la 25-i'* 2S-J"* 17 I7-1'* 17-1'* 16 13-^'* 13- S'“* 


50 30-1'* 30- 1* 19 IS-i"* 19-h 18 1 4-1'* 14. i"* 

22 33r* 33-6'* 2! 20-1'* 2D-i'* 19 16-1"* 16- 1"* 


GO 723 





242X26 M 18-1"* 




13 IS-i"* 15-M 12 11-4"* 1 1- ^”4 


30 375 


40 508 53 


SO G43 42 


60 779 


16 Z2-i‘* 26-i"* 16 la-H l8-§"^ 14 13-h l3-i‘* 

25-i"* 29-i'* 18 19-1"* 20-i"* 17 14-4'* 14-i"* 


27-i"* 30-i"* 20 21-i"* 22-1 


15-1"* 16-i"* 


29-h 32-t* 22 22 - 8 "* 23-S'* 20 16-i"* I 7 -I'* 


254 30 14 16-i"* 22-2"* 


50 400 


40 546 


SO 693 




12 


-4"* 13-1"* 


16 21 -i"* 30 -H 




12-i"* 13-i"* 


1 1 -I"* 


i 6 -i"*\ IS n-l"* i 6 -i"* 


20 27-i"* 37-2"* 18 14-i"* 21-1"* 17 ll-l"* 19-1"* 

22 32 -i"* 54 - i"* 20 16 - 8 "* 74 -i"* is 12 -I"* 22 - 1 "* 


’ — • I 

go ^41 40 24 36-i"* 37 22 IQ-i'* 




25 


-t* 


20 27 9 26 /4 24 -i‘* 


^0 43 I 32 16 30-i"* 30-i" 

40 5S5 31 20 34-i"^ 34- 

50 759 42 22 5^4"^ 5^4“ 


GO SS4 4g \ 25 574'”^ 


14 144^^ 144^13 i0 4''^ lo-l'^ 



/7 



20-4 




A "^ 





20 


22 27-i" 


n-r'^15 ! 2-1"* 12- I"* 


n 14-1"* 14- i‘* 


21-i"* 19 15-8"* 


2?-i"* 21 l6-i"*/6-i"* 




















































































STRUCTURAL 


?-G7 


FOUNDATIONS 


rC/^rar- 


PILE 

Con erf Column^ 


rooTi 


c. q. o-f 
refnf^. 


r 

Tj 


Nummk. 

or 

Piles. 


PLAN 


17 


18 


20 



n'-z" 


O 

d) 


d) 


o 

o 

o 



o 

n 

o 


o 

o 

o 


9 

9 

9 




i 2 '-ir 


/O O o o\ 

O O □ O O 

\o O O O/ 


rsi 




3 fee I Column 


— , 


DESIGN DATA, 

~fc = ZpoOVo' fc--i. 000 *!n- 4 = 3 J 50 ^U- 

fc-- 500^/^ fc./j 50 %. fc-- l,£.d8*L- 
f^-20,000%- f,--20,0DO%- fis -.20,00 D^/^- 
t/ = (S0%- V * 15%~ y 75*L~ 


u = /I2S%- u. - IX. = 200*/^- 


For All Footings 

Pile Column 
Value Load d 

INKIP3 IN KIP5 (in.) 

20 290 32 


30 454 


fc^ 2.000 */□■ fc= 3 , 000 ^ 

Reinforcemen t Reinforcement 

CX ^Long I Smort a Tong I <;MnDT 
QnJ Way Way (in.) 


fc = 3.75014" 

Reinforcement 

P- , Long |5hort 

in.) WAY WAY 





17 -if 14 


-1‘* 10-1‘* 13 3-1'* I0-1‘ 


6 2i-i‘* 23-i‘* n IZ-i‘\l3-i'* IG IZ-H 9-i"* 



620 \ 40120 23-i'* 26-i‘ 


19 



/G-l’* 18 II - 1 '^ iz-i‘^ 


50 780 I 42124 3i4f52-i’\ 2l\ 17- 20 l3-r*\l3-^"* 



6 0 95 2 45 2G 36-if 35-i' 


14 IS-i‘* la-t* 14 



2 / M-r* 


n-^‘* /3 8-/"* a-I"* 




481 \3s\l8 254"* 24-^-* 18 I O-f* 13-i''* /7 tO-r* wl"* 


656 43 


50 \ 832 4 G 


60 /009 43 


20 



29 -i“* 28 -i‘* 20 IZ-lfiG-i"* 15 I 2 -I"* i 2 -l‘* 



3 34 "* 32 -i’ 




13 -r 


36 


35 -i-* 




19-S 



i 


■ i 


20 


I5-I‘ 


30\ 512 


40 693141 


26 -i’* 23-1 






/4-i"* 


22 15-1"* /5-i"* 


/i-n 13 - 1 '* 13 w-i"* to-i"* 


Id /6-H/6-^"* 17 /z-l"* n-i"* 


31 ■if 28-J'l2o\ /9-if/9-i’'* 191 l4-i"*\ M-i’* 


50 886 43 26 36 -f* QA-i"* 22 22 -i\ 22 -J“i 2 / /&-H /£■/ 


60 1071 45 27 40-i-* 40-ifz4 ZsM 25-if 23 Id-i"* I8-I"* 


332 


30\ 523 


40 7 19 


16 l6-i"* 21-1'* 


18 20 -i"* 28 -i’* 



12-i'* 17-8"* 14 3 -/"* J2-H 


15 -i"* 2 i-i'* n /z-r* i 5 -i"* 


27 2 5-i'* 3 2-i'* 20 19-i'* 26-1"* 


14 - r* 18 -i"* 


so 914 


4 & 2 - 6 ' 


Based on A-C.I, Code - 1341 . 


28-^'* 35-i’* 22 21-1'* 22-1'* 21 /G-/'* 20-i"* 
6 O//O 4 I 52 I 28 31-i"* 37-1"* 24 23-l‘* 23-\’* 72 /a-r* 22-i"* 


































































































I 


:-Gs 


CA 


STRUCTURAL - FOUNDATIONS 



A 



E 


4’ a cr> file 


k o 




\ . 













r-5 


12 " 2‘^2 


2^3" 


12 " 


12 " 




2(5” 


31" 


C 


3' 


a"\ 3" 


330 '• 


51 8 " 


1230 " 


!3I5 " 


8 " 


3'\!5f5 " 


101/ $30 " 


JO \ 1735 ■■ 


12" 1695 ■ 


20fO " 


tZ 


I2"\2260 " 


25/0 ■' 


2750 " 


f 2' 3020 " 


12 " 


3500 “ 


3160 ’ 



H 

5'-0- 

e-o" 

7-0^ 

. 8'-0\ 
9-0’ 
iO'-O^ 

! r-0^ 

I2''0\ 

_l3‘-0^ 

l5'-0- 

le-o" 

/7-op 

/d'-o" 
20 - 0 " 
22-0" 
JA-0\ 
26 - op 

_2a-o‘' 

30-0-' 


3- 

d‘ 

ill 

12 " 

12 - 


JAL 

15" 

1£1 

JAL 

20 " 


2 3' 
30" 

33" 


2 - 5" 
3‘- 3" 
~3- 2" 

-djJA 

5‘^0" 

6 - 0 " 

_7-/' 
7'- r 
9‘-0" 

a-/0" 

~9-6" 

lA-3" 

W‘-3" 
IZ- 2 " 
/3'-a" 

td/’/O" 
16-2" 
11- 5" 
18-7" 


SI 

SI 

8 " 


E-^RS 




9" O.C. 


W^-nWo. c. 


'/2V 


4^V 




Va"^ 


/V 


/O" 0 . c 


/0'/2 0.C 


12" O.C 


12" 0. C 


12^20. C 


F- BARS 


c. 


vs ^-/S o. c. 


^/8A-/S’'0. C. 


Va^'/8 " o . c. 


VsA- / 6 " o. c. 


V3"^-/2"O.C. 


'/2^-/4‘'0.C. 


'/2"^-/0"0. C. 


^/Z'4-/2"0. C. 


‘/z^^-zo-o. C. 



r^-jr/zo.c 


("0^10" O.C 


rj- 


ro- 


ra. 


ro- 


7^2 O. C 


6" O.C 


5^ O.C 


5" 0. c. 




'/4V 


/ 0^2 O.C 


irvz O.C. 





mm 



6 - 


1 Q,. 

IB 

/2" 

i- 


12 " 


12 " 


20 " 


6"\13Q0 


<51 1610 


d"\ 1625 


3"\1Q30 


2230 


24d0 


612640 


/Ol 2 


f0l3050 


3290 


3 


3950 


4390 


12 " 



25 " 

26-cr 



30 " 



5210 


5690 


6/60 


6530 


yo' 


525 


8" 

6 94 " 

f/2"4 - 

8" 

6 75 " 

^/a'4- 

8' 

65 7 - 


fli. 

640 - 

- 

/O" 

677 " 


.JQ\ 

657 " 

/"4- 

' /2" 

a 00 " 

/V- 

/2* 

83d " 

A ^ C ^ 

ro- 


0 * 0 

955 " 

fo- 

r°- 

tr 

/030 " 


. /2" 
12" 

//04 " 

/ 0 0 C. n 

r°- 

!•! mm 

/2" 

' ^ ^ .V ' 

/3 2a " 

f 

r°~ 

/2" 

/425 " 

i 

/’°- 

12 

1545 " 

r°- 


E-BARS 

^/8'4‘J2^0 .c: 
^4- i 2" O.C. 
'/2A-/4" 0.C. 
iO^O.C. 

W4- 12" o r 

^/8'6- 1 2/^2 O.C. 

W4^/3" 0. c~ 
- /O" oTc^ 
ya"4-//" o.c. 

/"4- if" O. C 
/V- //" O.C. 

/2"o.c. 

r°- //"O.C 

r°~ /o'^'o.cZ 

/"°- 9 "0. c. 

~r °' r^ip c 

evio.cr 

/‘’°- 6" P C. 

r°- B-Q.c 

r°- 4'/5o.c.~ 


H 

5-0'‘ 

S'O^ 

7-0" 

d’O* 

9-0" 

To- 0 ^ 

//-O" 

12 - 0 " 

13^-0" 

/d'-O" 

l5-0"~ 

/e'-o" 

/7-0\ 

18-0" 

20 -0" 




A 

/-o- 

I-O" 
I'-O" 
1 - 0 " 
1 - 0 " 
r-o\ 

i-O" 

r-o" 

1-0" 

/-O" 

/-O" 

/-<o* 


B 

A 

6 


AL 

6" 

AL 

6" 


</ 

41 

“ “ 

W’ 



/TT 7^ 


E-BARS 1 F-BARS 


-/2"ac. 


‘J2"0.C. 

3/a" 4- S 'o.c.\^s"4- a'^o.c 

Tsy-f/yio.d 'Wd^S^'nr 

^/2 4 - / 4 " 0 . c. - /Q/jo c. 

y £4 - /oy.c. J/a "4 - 1 /"o. c 

%V - /0^^0.c\^/i4 - /2"0.c. 



WT 


/V- 


/"i- 


/"O - 


/"«- 


ro. 


/-ff- 


/"•- 


' 12 " o.c\Va"4‘ 

9/2 O.C. /V- 

■/2h'o.c\ /V - 

//^2 0.C. 


/3'O.c. 


/2^ O.C. 


/0"0.c. 


9/50.0. 


10" O.C. 


iO'iO.C. 



ro 


mH m 


/0”0. C. 


/0"0. C. 


8^0. c 



7'^ O.C, 


c. 





s^o.c.l r^-4"0.c. 


D 

1- 47' 

r-8" 

2- 4" 

TTT 

3^ 

~F7^ 

4- 4" 

4\/0" 

TTr 

5- /iA 
6^ 

1 - 0 " 


c_ 

_a 

e 


J2L 

/r 

/ 2 " 

J2L 

121 

f2" 

JAl 

lil 

16" 

/€" 


^PReasi/QE 

/ 046^/0' 
J360 - 
/540 “ 
/160 » 
2040 '' 
2300 '' 
2560 " 
2800 - 
^040 - 
3t40 -- 
3500 •• 
3760 - 
4040 '' 
4340 " 


Choree Designed "^TgooZlbllT/led cTrefe aT assumed 33^ and no sur 

Ajfernafe verf.cal £- ba 1 mVupesTll 'TJ T of middle third 
































































STRUCTURAL 


2-69 


FOUNDATIONS 


basement 


^MENT RETAINING WAl LS. 

Tc - 2pOO^D'* - = 20, OOO ^/o" 


WLA-RilN fORC£MENr for e art h pres5ur£ _[dr^. |t4&le b- reinforcement for saturated earth press 


i4ng/e o/' repose ^ r 330 ^ 

iV ^ fOO/hs. per ca. 

^6 ^ 0,C. Hor/z.^^^ 

yer//ca/ s/gb/ // 7 7a 6/e. -m. 


•4 


H 

12 "WALL 

S-O" 

V - l2"o.c. 

9/6 

^8"d -i2"o.c 

10-0" 

- lo"o.c. 

II-O" 

^a"d- 7'z"o.c. 

12-0" 

'2"/ - io'zo.c. 

IS'-O' 

'z"/ - a" O.C. 

l4'-0‘ 

H"/ - 10 " O.C. 

IB'-O" 

s&f^ - 8" O.C. 

16-0" 

h "/- 10 "O.C. 

l7-‘0" 

78 V- iro.c. 

18-0" 

Y'd -9'zo.c. 

laio " 

/■V -io'zo.c. 

20-0" 
_ ik 

I"° -U^ZO.C. 



16 WALL 




H" 


3d" ■ 


ag" i!> . 


gf . 


'2 "/ - 


' 2 "/- 


^a'> - 


Sgff. 




- 


70 'T- 


7a" A - 


/'T- 


/'T- 


/■■" - 


/”" - 



I2'0.C. 


ll" O.C. 


8" O.C. 


iro.c. 


9" O.C. 


II " O.C. 


9'ZO.C. 


WZ^Q.C. 


9'2‘O.C 


1 1 '■ O.C. 


9'zO.C. 


1 1 "O.C. 


9'z"0.C. 


lo'eac. 


20"WALL 


^a'V . iz"o. c. 


^a"<^ - i2"o. c. 


38" - I 2"0. C, 


^6 f»- 1 2" O.C. 


-lo'z O.C. 


-8'z'O.C. 




<2"!i 


'z" ^ 




•^8"^ 


34 "/ 




76" 


70 V 


/ V 


/V 


- 9 '2"0. C. 


- 772"o.C. 


-10" O.C. 


■S'zO.C. 


- 10 'z'’ 0 .c. 


- 9" O.C. 


- io'zo.c. 


- e" 0 .c. 


- I0'2 0.C. 


-10" O.C. 


5ofuro/ec/ 1 

^ SSi/rrr ec/ equ/'vo/e/j/- 

/yu/W A/'- 7^ /Js/>er Ox jl 

^a" ^ /B"o. C. Mor/Z 

Uerh'ca/ s^eel /n Tohle ,'''^^^ — 


H 


a 



10 -O" 


ll’O' 


17-0" 


13-0" 


14-0" 


15-0' 


16-0' 


17-0" 


18-0' 


l9'-0‘ 


20 - 0 " 


21 - 0 " 


12 " wa ll 1 6" wall 20" wall 

^3" ^ -7'z'o.c. ^s'fi - if 'o.c. ! - 12' O.C 



30"/ 


34 " / 


7g"/ 


79 "/ 


I" / 


- // " 0. c 


- 12 " O. C 


-I2 " O.C. 


- 10 " 0 . c. 


-io'zo.c. 



V/ -U'ZO.C 



34 "/ 


70 'y 


/"/ 


I "a 


i"° 


j" a 


10" O.C 


//" O.C 


12 "O.C 


/?■• O.C 


to ■' 0 . c 


8'z-O.C. 


38'V - 7" O.C 


'2'> -3'zO.C 


V / - ii'zId.c 


33' V - 9" O.C 


^4' g! -to" O.C 


Y* -IIY'O.C. 


Y' * -9 '2"0. C. 


I'V -lO'/O.C. 


"O.C. 


(■•o -3'z'OX 



TA5LE C - EARTH PRESSURES. 


Ang/e of re/>ose (4=33° 

AV = /OO lis.^er CL/, /y. 

E p- 

l-^S/n d 

^er /ho 7 /e/jg/A of tn/o//. 
(/ian/c/ne) 


P z/sa FT 

LBS. MAX. 


4f3 


47? 


S3 


590 


049 


708 


I a I 7<0(? F 






a 


9 




n_ 

11 

13 


p 

LBS. 

p/sm 

MAX. 

"" 1 

H 

FEET 

P 

LBS. 

370 

i 

147 

IQ 

2690 


177 

IG 

3770 

720 

206 

/8 

47&0 

940 

236 


5900 

1200 

Egai 

22 

7/30 

UJUSM 

295 


84-90 




2/20 354 
2490 353 


28 1 15 GO 

30 I32GO 


885 


table d- Saturated earth press. 


- 75/hs. per cu. /y. 


P = ^2 

per /oo/ /engj^J? o/* /v'a//. 









_3_ 

// 


p 

LB5. 


3S 


;5o 


33a 


<600 


940 


/350 


1340 

2400 

3040 

3750 

4530 


P/JQ.FT. 

MAX. 


75 


ISO 


225 



4SO 


H P 
FEET LBS* 


BAOO 


G360 


13 


14 



P/SQ.E 

MAX. 


900 






fOSO 


fI25 


1200 


3440 


IG 9 GOO 


!7 10800 


S25 13 I2t50 

Goo 19 13500 1475 

675 20 f5ooo 1500 

% 

ISO 21 I6GOO ISIS 
825 22 laioo tGSO 


TABLE E - COAL PRESSURES. 


7hAa/ Pressure fan 

Depi-h H /or Bj^ejm/noc/s 

Coo/ an /er/Zccr/ IV 0//3 . 

We/g/i/ per cu. f/. SO //s. ^.35 


H P 
FEET LBS. 


5 Ho 


240 




P/SfJF 

MAX 


CB 


8 


95 


H P P/SQ/T 
FEET LBS. MAX. 


1 / 820 149 


!G3 


14 1530 jeo 




430 

108 

JG 

1730 

217 


122 

/3 

2190 

244 

S3o 

135 

20 

27JO 



9 


fo 


A/QTf: : Us^ Toh/e A fan 
p^npryanGn?/- c/rp ear//? or////. 

/n/erpo/a/e he/ i^een 7a6/cT 
A one/ ^ pan -Teo- J“o n 0/ 
r-o/njs rerc////np /ry so/c/ra/o</ 
G'ar'/ h aq oJnr^/ /va//s* 


for-nnp/es oC cepase Jee Pp. 3 -Z3i for Qi/e/}/Jor>o/ Jafo on reioming WA, j-ee Ay J ■ 2 /. 
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3-01 


IDENTIFICATION OF PRINCIPAL TYPE5 


table A - MAJOR DIVISIONS np <=,011 o- 


C0AR5E GRAINED CGRANUL AR'l 

^ ■ ■ 


GRAVEL 


SAND 


fine grained 


CLAY 


ORGANIC 


MUCK 


XAE>LE B - identification -VISUAL 6" £>Y TE X TUR E. 


PEAT 


gravel 


^A/o"p%%%-l;/Z°Gr;‘7Z'"a^"^^/,^^f 9ra}r.s. A/a Oa ^ ^ ^ r. . 

Vlo''/n size. A^s an <ai^^^^Zo'^a"ea '//wn ""J} ^ e" ^ 


3AND 

Gronufor, griii-y loose grains, passing V? /O and re Gained on a'” 270 

TYAZ/TT/TF^TT.^'^ VTToTtLCYT'' /^T^- 7dd “ - 

S/Srs^ of- y~r7 /n^n (^/ ^^-^y/rys h&i^^G&r-> y4, o^cy' f/2ao''. 


SiLT 

yne bore Ig ds/bJe grains, poss/n g 270 sieve and o^er .OOS n^n,. /n s/re . Id/e nr nn 

p/os/ycz/g do Cohes/an. P dr/ed cas/ Is eosi/g cras/?ed /n /be honas. Permeai>/e- 

Z 7 /% 7 fhoan. Fee/s gr///g ^hen htlTn 

Wj// no! form o rvbbon. Core mgs/ he ased Jo disll ngelsh fne Sorrd from >/// J^f/ne s/// /honr ' ' 


CL AV 

ZZZJf ^^‘=^^:y05mn,.for0.00?nm. in M/.Zsar/e)ln sde . Ca/esjye. Mgdg p/os//c >vlen W/ 

faZos nr ^ 7 /° r'/Z^ f^^pr///g. d/// farm /,ard 

Jormps or c/ods cfry. dr f freer// or rmpossib/e ^ }n handsT^ /mpermea6/e ■ 

no mnvennen/af^n/er-nnr,^rr.r,Alb ^ '‘'drema/nsersperdedn^o/^rJAn flrobfdyv 


MUCK o net ORGANIC 5ILT 

Ihoroughlg decomposed organ fa molerlo/ ne/Ah considerable mineral sni ! mo lerlol. Ujoa /br bhek 
m colon txj/h o ferr fibrous remorms. Odorous iv/en dr/e d and burn/. Found os dsposUs /n 
srvomps, pea/ bogs and m Us /eg. £osl/g /den//f/ed. May con loin some Sanders///. 


AX 


decogedp/on! moferio/. Mos//g orgon/c. p/gh/p f/brous lul/h y/s/6/e p/on/ remains. 


5I7E OPENINS 

]N INCH % 

(SI <A U 

m 2 ri — 


SIEVE. ANALYSIS ZONE 


to 


20 SO 60 too 140 Boo 270 


L hydrometer analysis zone 

~ (To identify silt£, 5- clays) '■ 
-U.5. STANDARD 5|£VE SIZES. 


rz_i 1 1 1 

“! 1 1 1 

“1 — T 

"I — r 

■ LARGE GRAVEL 

MEDIUM 

GRAVEL 

FINE 

GRAVa 

C0AR5E 

SAND 

1 I 

1 




(s« 


MEDIUM mi 
SWbl SAND 


100 50 


TYLER 5TAND.51LVE5-ME5H PER IhCH. 


GRAIM SIZL- 
JN MILLiM£TE:RS 

(lMlliirr)efer= 0.03937fr7ch) 


•* -0^ *02 .01 .0 

6UREAU OF SOILS ( U.5.D. A.) CLASSIFICATION 

^ 2.0 .2 np nr 


CLAY 


•01 .005 ,002 .001 


COARSE MEDIUM 1 FINE 

— ^ — * w % 

CDARSElMEDlUM 1 FINE 

SAND 

5 1 LT 


.oooe .0002 


CLAY 




:al grain size analysis . 

^T^S: A/ecfonica/ ono/gsis /s necessory bo Iden/lfg soils /nfo she yar/ous d/vd/ons, and/n/o 
FFA& Casogrande sgs/ems. /n genena/, Me ydue of soils os a Aonda//on for s/rcAr/emrs andas 
a nnofer/a/ of Cons/roc//On js defer mm ed Ay //» gram s/zes and /Ae groda//on aF /ha 
So/f my X /ore. O/her Mo/e/g used groin size e/ass/F/iro//ons are /n/erno//ona/,AtJ.r,llal/. PM Terv , A fTM 


CLASSIFICATION 


TABLE A - CLASSIFICATION OF 

SOIL M1XTURE5T 


— 

CLASS 

PER CENT 

5AND 

5ILT CLAY 1 

5and 

SO-IOO 

0-20 

0-20 

SANDY LOAM 

50- ao 

0--50 

0-20 1 

LOAM 

0 

6 

«o 

30-30 

0-20 

SILT LOAM 

0 - 50 

50-100 

0-20 

sandy clay Loam 

50 -So 

0 - 30 

20-30 1 

CLAY LOAM 

20-50 

20-50 

20-30 

SILTY CLAY LOAM 

0-30 

50-80 

20-30 I 

Sandy clay 

55-70 

0-15 

30-45 II 

CLAY 

0-55 

0-S5 

30-100 II 

SILTY clay 

0 - 15 

55-70 

30-45 1 


USE 


CHART. 


o 


\00 


SO 


60 


10 


GO 


50 


40 


£ : 


\ 

X 

\ 



{^9 


1/ 


30 


20 


10 


So/uMon 





V 


jn 





BAM 

""" 


ANDY LOA. 


10 


VAyyyJi/yyx^ 


hy sreve ono/ys/s or Jnspec^fO/n. 

( S orara/ Ta//^ se/cXh.'r^ exiS^ os^ 

OravG^^ Tone/, s/J C/t7y^ i>uf~ are Zoi//? c/ Os rn/xZoresJ^ 


10 30 40 50 GO 70 BO 

PERCENTAGE OF SILT 


I ^SILT 


90 100 


FIG. B-RIGHT ANGLE SOIL CHART * 



t 


* » ^ 4 

_ :-.6 


' 7 V 


jgo/V PcQffle: A verh'coJ cross- seef /on of /he soil layers from 

/he surface foivntvorc/s /hrouyh /he poren/ mo/er/al. 

lomynM soi/ or /op ^oH. The upper par/ /s 

- des/hn o/ea A o _ arc/ js humus or orpon/c febrjs. /n^/ces on 

asecf for SL/h cZ/v/s/on JnZo Zraf7S///on zones as s/?on/n far 

A/f <yy rarj^e fo /n c^Gpfh, 

n OpiZON //7 <ye/7//;.. A/spbe subd/v/cTec/ /n/o /rons///on ZorVs £>, 3, e/c 

/Ze /eoch/oy or eluv/a//on of /he " 
A nor/z.<Dr7 rr7ay6e c/e/>as/Zac/ //7 /7ar/x or> 3. 

HotezON ^eo/heref poren/ 

HogzDM -T/ro/om Such as horo^rooh, hor^dpon. Sou, 

FIG. C- CLASSIFICATION QFSQIL3 BY HQRI7nKIA* 

W^cZe-Zy osecZ Jn So/J sZobrlfzaf/a,/-^. 






table 


Pes/cZaaZ I 


Com a fos^ 


\0/ac/a/ 
A Hu v/oZ 


Rock 


Classification of soils by origin 


Aeof/an 

~Coffui//a/ 

~ 7 oJc~on 7 a 


nrar^r. . To/> :r ;/e,pod^ols. resic/uaTjOohr /, 

"ZZTLTsT'Z ^?— ^ 




^ ^ oyr ooh ^ 


Jmp^/or,/ So// survet/s £ Pro. Pep'dffs. 


* survet/s £ Srg. PeporTs. 


3-02, 


SOILS 


P.RA CLASSIFICATION 


A - CHARACTEgjSTICS F OR IDENTIFYING PR.A.501LSR0UP5: 

isJofe^f ^ Reseorch Board- ClossifioaHon 

05 shou^n ,s hfesf mod,f ,cof,on.£xfensivelq used by engrs for hiqhujaus.airfJelds^dam. 

iT" — <3Rrmn I I I a - p \~~ l : n — ^ — r — i 1 1 


CHfeg 

TEXTURAL 

CLASS 

^ Internal 
F/-i cf i on 

d} Cohesion 

“K Shrink oge 
C 

^ Expansion 
^ Capillorify 
Elasticity 


Copjllory Rise 


^ [ Ligu! d limit 


\PJosHci-f-y /nde. 


plastic P'-^STIC cl plastic a- 3 ^ (3 

GRANUUR-WaS S^A^ND^ok ORsiLT ORSlLT PLASTIC 


A-7 A- 6 


COARSE TO FINE | AND FINE 


CLEAN SILT SILT PLASTIC 

SAND OP. ORSlLT- ORSlLT PLASTIC CLAY 

GRAVEL loam LOAM CLAY LOAM 


MUCK 

afPEAT 


High High High High High Variable Variable 


Louf Louj LOCvU 


High I High Low High | None 
Not defr/menio! 


None 


Nof 

SfgnWcan 
Some [ Slight 




Louj j High High j Louj 


yoriable 


Deiri- Defri- Detri- 
menioi mental mental 


Low High 3^" Max. Oyer 3^' 
ZSMox. 35 Mox> 35Max. 40Mox. 


hnPIosfic 15 Max. 


High \ High 

OefrimenM 


None Voriable Oefrimenfa! None 

* 

g " No X. High High High High \ 

^hsfic \ 40Mox. \oyer4o'' 35 Min 55 Min. ~35-400 

0-00 Id Min. IZMin. 


o-ao 



0-15 


'<'S 


Shrin kage Limif 


Field Moisture 
Eguiva/ent 


Centrifuge Moisture 
Eguii/oJent 


Shrinkage Ratio 


Volume Chonge 


Lineof Shrinkage 


14- 20 


\30-IZo\ <i-]4 \lO. 3 O ho-IZO 


Nof Nof Noi Nof I Nof 
■ssen-fiai Essentia! Essentia/ Essential Vsseniiol Max. 30- HO 


SOMax. 30-100 30-400 


i 5 Max. 



IZ-25 25 Max, 12 Max. 


Hob 


Nof 


Nof 


Nof 


^ % .Sand 
^ % Si/t ~ 


d 



LI- 1.9 


0 - 10 


0 - 3 


10 -85 


10 - 20 


5- to 


I.1-I.9 l.7~l.9 


0-6 


- 6 


0-2 


^sSSSm 


None 


'S; % Foss/ hg N^ JO \Z 0-}00 \ 40-100 

^ 7c Pass to g 40 10-70 ^-70 

200 ^ ~23 3 - 25 | ^ 

' \A-4- or A-S So// ik/t/ h A-'7 n M X J 


£ sseniid Essential Essentiol Essential Essential 
15 -hi 0J-L5 11-2.0 LI- 2.0 ^.3-/:4 

0-iG I PNG llMin, IVMiJ^ 4-20 0~ 

^ 4 Skf/n. 5 Min. 1-30 

55-SO 55-30 75-IOQ55MQX. 55Mox. 55 Max 55Max. ^5 Max. 
0-45 0-45 \ High Me diurn Medium Medium ~Not 

Low \ Low \ 30 Min \ 3 OMfn. ~5ignif leant 


0-45 


0-45 


0-45 




Rdpid succession oF so// 
types, pockets of different 
soil types. Changes in Soil 
prof/te or changes in soH 
structure. 

Non-uniform support 

GROUP B-l 


Adjacent parts of f/Hs 
constructed of widely 
differing soH types, as 
cohere haul in g is from 
different sources. 
Nan-uniform support 4 sett/ement 


Cut through side hill creating 
sub grade on severoi types 
of noturo/soiland on fill 
Luiihin a short space- 
Non' uniform suppori 3, 

settlement. 

GROUP B -3 


P^l 1 GROUP B-2 I GROUP B *3 

FIQ. 5 - CLASSIFICATION OF NON-UNIFORM SUBQRADE SOILS * 

Page 3-04 for ^ reg-^meni of V-hesv Sab grade Groups 

^Hdopied from Public Roads Admin, sfroHon £. HighdJoy Researdh~^7d fah//ca/ions 































































3-04 


50IL5-CHARACTER15T1C5 (? PERF0RMANCE-RRA6R0UP 


TABLE A 


SOIL A- I A-l A-2 A-2 

GROUP P/osh'c Piasfic P/osffc 


Sf'oh:! ii-y 


High 




3 Gooc/ \ Fa/r' 


Sub* bas^ Escellenf Gooc/ 


3ub* a rode 


High 


Fair Fa/r 


'xceHeni 


A-3 


Jc/goI 

tvhsn 

ConFned 


fxce Uenf 


A A 

oncf 

A-5- 


Ooub'h 

ful 


MG. M.G. 


A- 5 A-6 A-T I A- 8 



Goocff twh&n 


proper/a 
or anal 


A/.e. 


Aione 




Fflis an asr SO 


F/Ss G ver SO ' Oaa 






fyceJ/enf 


Good Goad fa 


Good 


Fo/r 


Fo/r 




Slfghi Suhjec/h S/i'ghf- StjbJedfo\ Mone 


Organs //-y \^yer/30:h | over !30 lb\r20-/50/k 120 -HO lb. 120- !30 /t 


Fo/r fo 
Poor 



3% 


3% 9'!2% I 3H2% 



Poor /o 
VGrg Poor 


V^ng 


3 


Poor 3<yd 


3od 





S/iah/io \S/A 


j//Q/)rro 

Bad 


BO-fOOfL 80-n0fb 


SJfghf 



UnckrBOk 


clfEiZi/on 9 o . 95 1 30 -55 % Uo -35 % 1 90 - 95 % 


^-12% 12-1770 22-30% 17-2870 17-28% 



ioo% Joo7c /oo7o Wos/-e 


MeFhoa/s 


H^avy Sheeps fbof 




^ ^ 

//o^c s/tyh^ Mone S//ghf- Mone 

Sgar/ n g Good /o Good ho Fo/r /o 

V oj£j& \£xce//en/ ExreJ/mf ^ xco. ! le^ nf 


Good h>oor M Very "^^rToTPoSTTo 
Good I Poor Good I Fair 


7 / 6 - 


Poor Poor Poor 


MG, 

Poor 


Sgor/rg Good /a Good ho Fo/r /o Pnr^r- // 

I — £xce//en/ Exce J/enf jE x ce ! nf Foln Poor Poor Poor M. G 

Oro/no^s hptrv/ous Fb/rbo proc//‘co//y Dro/r>s Fo/r /o 7b ir f-o / ^ Z I 

0"-S" O"-0'' d'-a-' p" ,n" r^" n ,•' , •■ 

I 9- 24 I )2-24h2-?4 I 

drn/7 j-Aoty/d f;; /nc/&x ancf l/gu/cf 


reqtj/re vtbrabion on<^ A /- " A-l /o A- 3 So//s : May 

b& p/oa< 2 a/ /n dry j-easan ab noT>- f ~ 3o/7.f ; r/Hj- shov/d 

i„^/^ ,n£ ^Lauj- “^%/%rark7adJ’p% w/TTV^-^ rcAyj-J;^/// 

R. , . , I BEATMENTFOR n on- uniform SUB-6RADE5. fs«> p„. » .^.1 

^r<ye74/a-/e Sub- c/y-cy/rage SJ/Tii <^^dhryy-y bu^e- aourse n-yaber/o/. 

B- 2 • Aur.Z /A V , bro^^^^r, pfyrch&s arporoujr pacMebj-. 

bo nnoxyr^^^ 7^J/s7/y7^ ^ <sryc/ - 


"^FclZioTbiVa rFbi fSSFJ '&'d-o3G-o/eep o,orosT bhe 

Sub -a/rK^ynaye b=!or re» o o^^fe bhob /> <^<=0‘><^^ryb bt^abi , Proty/c/e oub/e-f 

b^btAZ&^n ^braba. rn or /x ryy^^ poroux Jo^/ xrbro bo 

rer Or; res : £ n n y r-, ; 7m 


ST bhe 


Pubf/cr Foo<dr FuS//d yp ^ 
Murbyr;^^ ProbUrr^x, bb/o/,. 


Sy Hog&r? fop /^f 

^ y~ ^ 

FdrryirT/sFrof/orj, 
y F^S^arah 3 oarc/ 




















50IL5 


3 05 


TA&LE A 
A-1 SOILS 


A-250ILS 


U5E 6- TREATMENT- RR. A. GROUPS 


FOR RO ADS AND AIRFIELD 5. 

5Ja/7cy-c/c7yj; Tc=nd - C /ay ar T<,p^;/. 

Frosj>- base i^ifh -fh/npavenaeot. fxce/Zeaf ^///, 

wa/er /^S/a. S/ab/Z/ze'. rs 7ec/><ys?/co//i,. cd/o^/a^eT <ar Por/fooc/ Ce^ert^. 

_ ^ X M A ^ — - 


A-350IL5 ; 


A-4S01LS : 


A- 5 SOILS ; 


fr7fft77te arbh/n np}f p^vea^er,/-. Good f///. 

rrosb/7ecy/e,6reoA:-o’^ ^ P p,/os>^ya. Sof/eos ^vbcn ,r p/os/-,c . i/se base 

^/•>^. Sob-dra/^ope e/feo/;^e 
■bj^cA/Z/ze . ivjbh b/^amen. cd/ar/Wes , Ce^esy/ or ' ' ' ' 


Ac/rry/xfc're J'o 


9bacJa/^ra^e/.i,eaaAsard ^osbara.e/ 
SZaS;/bzr- 7 a ^P- on/y MrcJ /rr?perv'/oi/s s/joa/ders. 

SZaA,/^ze: l^/d/, sod £>/nder,b//^rr7jrous. or <rherrj/oo/ a-' -- ' ' 


'zdsOrAs'^^JZ'r -/^^rPaoe. door e-ose . 

djjnoy^ ond/ordase oodu-^b-bos^ ^db f/ex^ble oaverr.7rf. dzl 

% conarebe paue.r7er,d 

i.7_ro/0 ; ^,ZA sZee/ra^n Porocrryer^d ord oroad oorZzro/. 


A-6S0ILS 


A-7S01LS : 


lo»A»^vy /^ X/ ^ I / ' ^/<rtf^c*eo^j- S/// or Ayarc/yzy/ 7 <y/r 7 /cc}c^oo 

A//uz^ rJTly •Slf6-c//^/r7o^ arc//ar grona/ar Sose arc/ r^dS -SoSe >v///7 

J-^A ■ grodepr.rr7^. Us e Zb. ad Coro.po^err7ent.'erry,rsed /v/^ orscZ ArZra/. 

/^/— ^ --Pi^ / . « --- 


t/zo6/e /he ‘ .dperrreob/e 

/ J dXz^ZZb^d ^hordo/ay). d/af/do <? 

7 '/^ZC^- Z' ^rZo pr.ro os bazZ, AZacadao. or^ paserrorZ- 

7ZZ;r, ' Saroeks r/Aeo dry. dse praro/o-r base <Z Sab- base . C/sesui- 

d77Z7ZZZ.7"" f- T peraraas 6y orooAs, roof bo/es /arr^/raZ/ars 

ni/Zj C "r’P<srrr,oab/e. bad ,aken perv/oas. Use Pabyrade pr^r^e ' 

Use fdck.sZror,y, dense P/ed b/e ^^o^Z. orreddd Craed oonfro/ZedCarcreZa: 

^ ^ em g % ^ /^ ^ J. / ^ ^ M i < 


A- 8 SOILS ; 


^/y<rrs-/ve, p/os//c a^/a^Sr^s .Altss'aa/-/ C/a^, ////ro/s or^ec/zezyi?p~//£/zr>/o 

erddz Zidi-Td’- ^vf '■'tz ;f;:t, 

s fb /rZzf <yer7Se f/ey/b/eyaverr,er7Z^Ub fose d Sab-bose over 

/^Z^O^Qz odi //^yo Gr yz y ^ pop^r 


^ ^ ^ f. Sxoai^a/bP ro/zo^ 

' r-/ / /C' Sc/ec/cc/ /)//. D/Sp/aC^sOoer/ Ta^r/d?drcj^c/ f/// 

f^oabda/. Arsp/oee^enZbyexp/osde evader s^^rrrr,ocsed f/uZs sTZodJZr ePPrrZrZe 


USE A5 foundations FOR STRUCTURES . 

pr^hc. AS, 4-S, p/csi-ic />-eSA-7 S o,7s:/?eqv!re Spec/o/fter/men f-mfi^rh cas^. 

* A I ^ 


USE 

EOUS . ■ . . 

LOW percolation. 

^ » J A 


Usci A'UAr P/os^i'c, y 1-4 Plastic 

Be^i&r grarc/es- oP A-G S A-Y. 



M 

IM PERVlO Uf^ CORE.TYPF 

CORE. 

P/oaP/c, A- 4 P/<asP/C, 
OeZZe-rgreredes od A-G S A-V. 

POROUS FACES -) 

bJon P/asf/'c A'1 & A-' 4. 



^-4 'a^G ^A%^S o//f- ’ ds f or Zf/yh/ydiosr/c n io or r^-y rn Derm CorrsdreseeZs 

'' Y.rpU'z?r“zrprrZr%z"^^^^^^ °:^zd;Z'Zd“Zd Tr""^d 

d/orZZme dooed Z^roA/eXas ^ dsybivay desde?rcZr aocscZ- 
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SOILS 


CASAQRANDL 


TABLE A - 


CASAQRANDE 


Major Division 


^ 1/ ^ T' 


^ ^ ^ 1/^ j / I 


5j/Vj. 


c o ^ 




r 


5j/ 5. 


I 5 cnd 5 3 r 

t Sandy 


1 ^in^’^cined 
\ soi s having 


Ojj *0 


n^edium 

^/Of- compress- 
jrnineo '' 

J 0 /V 5 

icon * doing 

jtr'ecr ^ — 1 

no cocyci 

F'ne-grcned 

rrc*erfOij. . ^ 

1 sons ha/ ng 
I high com- 
■ pressidlifg. 


me 



Soil 

Group 

Sym- 

bols 


G 



5 


5 C 


ML 


MH 


OH 


Pf 




Soil Groups 8c 
Typical Names 


iidihgraded grai'e/ 
and grave-- sand 
nnix'^ures ; iifUe or 
no fines. 


fie ^crcced gravel- 

so'^o ■ CiCg mixtures ; 
exce ’lenr binder. 


-oo'^y graced gravel dc 
C'Cve- -Sana mixtures ; 
.'d''e or no fines. 


Crci e- u/ith fines, very 
5 grave ',c/agey grave/ 
Doo^'u gr-adec (gravel- 
sa^d-e'eu mixtures. 


fi e'-a—aaec senos d 

c^ai e u sencs; dffe 
o^ no fines. 


he -g'caec sonc-edy 

mixdres', e/ceHenf binder. 


Poo^'y grade a so nos ; 
..>"/(? cr no f/'nes. 


5crauJ/*n f'nes, very 
si:Ty sends, cicyey sanos, 

Door y g'-odeo scnQ- 
CfCy mixtures. 


5>d5 , inorganic) cno 
ve^y fine sands, Mo, 

roch ^iOun silly or 

dcyey fine senas 
u.’d 5’>ghi plasticity. 


Clays (inorganic } of 

Ouj to medium plastic- 

!ty, sandy doyS^sHty 
cioys , lean clous. 


Organic siifs and 
organic snt-doys of 

'OlU picsr/city. 


‘/icoceous or diofcmocecus 
fine sandy and sHty 
soils ; elastic silts. 


General Ioentific ation Observations 

1 AND Tests 

Dry Other Pertinent relating to 

Strength Examinations material in Place 


None. 


Medium 

to 

High 


None. 


Very 

slight 

to 

high. 


None. 


Medium 
to high. 


None. 


Very 

Slight 

to 

hi oh . 


Gradotiony 
Groin shape. 


Gradation, groin 
shape, binder 
examin otior.uietd[drL 


Gradation, 
grain shape. 


Gradation, groin 
Shape, binder 
exominotion, 
Luet and dry. 


Grodofion, 
groin shape. 


Grad Q t ion, gram shopt 
binder exam, wet & dry. 


Gradation, 
groin shape. 


Gradation, gram 
shape, binder 
examination^ 

met and dr u. 


Dry unit cue ight 
or void rafiOidegree 
of compact ion ; 
cementation-, 
durobUffy of grains^ 
sfrotification ■ 

and drainage 
ch orocteristics; 

grounckvoter 1 
conditfonSi traffic 
tests', Jar ge-scoJe 

toad testS;or 
Co/iforn ia bear- 
ing tests. 


Very 

Slight Examination cuet 
to (shaking test and 
media m. pi as t/cify). 


Medium 

to 

high. 


Examination in 
plastic range. 




Slight Examination m 
to plastic range, 
medium, odor. 


Q ^ Clous (inorganic) of 

hignpiasticity-fat days. 


Or 

m 

pi 


^eof and other highly 
organic Sujomp 



Very 
Slight to 
medium 


High. 


High. 


Examination cuet 
(shoking^ test and 
plasticity). 


Examination in 
plastic range. 


Examination in 
plastic range, 
odor. 


Dry unit u/eightf 
uioter content, 
and void ratio. 
Consistency un- 
disturbed and 
remoulded. Strati 
ficotion. Rootho/e^ 
EissureSf etc. 
Drain age and 
gro und^cuater 
condition. 
Traffic t^sts, 
large-scale load 
tests, California 
bearing tests ^ 
or compression 

tests. 


Principal 

Classification 

Tests on 

Disturbed Samplp^ 


Sieve analysis. 


Sieve analysis, 

a quid and plastic 
iimits on binder. 

Sieve analysis. 

Sieve analysis, 
Jiguid and piosffQ 
limits on binder 
if applicable. 


Sieve onoiysd. 


Sieve onolysis, liquid Si 
plastic limits on binder. 


Sieve analysis. 


Sieve analysis, 
i/guid anaplastic 
limits on binder 
if appiicoble. 


Sieve analysis, 
liquid and plastic 
limit 5 , if appUc- 

oble. 





Liquid and plastic 
iimits. 


I Liquid & plastic limits 
from natural condition 
and after ovendrying. 


Sie ve analysis, liquid 
dc plastic limits if 
applicable. 


Liquid and ptosHc 
limits. 


L iquid and plastic iimits 
from natural condition 
and of ter ovendrylnq. 





Soils. 


Readily 

Identified. 




Consistency, texture and 
natural cuater content. 



Legemd For Soil Group S-ymbols. 
L - Relatively iouu to medium p - 

compr ess lb i I if y. Pf - 

M - Mo, V ery fine sand, si it, rock flour 5 - 
0 - Organic sHf, slit cloy or day. tV “ 


Cicy . p ‘OstfC - :'r organic soH. 
fines . rrofer/Ql < 0 ./ mm. 
C'-svei. grave, iy soil. 
tHgs CD mDressib/h ty. 


Poor/y graded. 

Peat, highly organic fibrous S\ 

Sand, sandy soil- 
We/f graded 




















CLASSiriCATION 


3-07 


5 O 1 L 

Value as 
Foundation 
When Not Subjeci 
TO Frost Action 


CH ART* 

VaZvz As I 
V^earing Surface. Po'^^ntial 

With Dust With Bit. Frost 

Palliative. Suaf. Treat. Action‘s 


Excellent 


Good to 
Excellent. 


Good to 
Excellent. 


Excellent 
tc (j o od- 


Excellent 
to Good- 


Fair TO 
Good. 


Fair to 
Good. 


Fair to 
Poor. 


Fair to 
Poor 


Poor 


Poor 


Poor to 
very poor. 


Very poor. 


Extremely 

poor. 


Fair to 
Poor. 


Excellent 


None to 
very slight. 


him os t 
none. 


Excellent. Excellent ExcellenA Medium. 


Poor. 


Poor to None to 
Fom very slight 


Poor to Fair to sught to 
Good. Good, medium. 


Poor. Good. 


None to 
very slight 


Very 

slight. 


Almost 
non e. 


Atmos t 
none to 
shgh t. 


Almost 

none. 


Excellent ExcellenA 


Poor. Poor. 


Poor to Poor to 
Good. Good. 


None to 
very slight. 


Slight 

to 

high. 



A/mosr 
non e. 


Almost 
none to 
medium. 


Poor. 


Medium to 5 Ugh t 


Poor. 



Very Poor. 


Medium 
to high. 


Medium Medium 
to high. to high. 


Very Poor 


Very Poor. 


Medium to 
very high 


Medium. 


High. 


High 


^ Drainaqe 
Cmarwteris- 

f 1 

TICS 

Compaction 

Characteristics 

8r Equipment. 

Excehenh 

E xce/Wn*- 
Tractor. 

Practically 

impervious. 

Fxce 

Tamp. no RoHer. 

\ ^1 

Excellent. 

Gooa,- 

Trac'^cr. 

1 Fair to 
practically 
impervious. 

1 GoodjC/ose 
Control Essential 

1 Rubber Tired 

1 Roller. Tractor 1 

Excellent 

Exce/ient 

Tractor. 

Practically 

impervious. 

Exceiienh 
Tompinq RoJler\ 

Excellent 

\ Good, r 

Tractor 

Fair to 

practically 

impervious. 

Good, C/ose 

Control Essential, 
RubberFrect Poller 

Fair to 
. poor. 

Good to Poor, 

Close Control 
Essential 

RuhberFred Roller. 

Practically 

Impervious. 

Fair to Good, 
Tamping Roller. 

Poor 

Fa/r to Poor 
Tomp/ng Roller. 

Fair to 
poor. 

Poor to Very 
Poor. 

Practically 
\ Impervious. 

Fair to Poor, I 

TampingPoHen | 


Useless. 


Medium. High. 


Use /ess. 


Slight 


Very 

high. 


Practically 

impervious. 

Fair 
to poor. 


Poor to Very 

Pbor 


Solids atOptimum ICAuiFORNiABEftRiNc Compniable 
Compaction. Ratio for Compao Group in 
U, Ib./cu.f h IedandSoaked PubucRoaos 
e. Void Ratio I Specimen Clms.[PRA) 


U > 125 

e < a35 


U > 150 

e < ojo 


U > 1/5 

e < 0.45 


u > 120 

e i 0.40 



U > 125 

e < 0.35 


U > 100 

e < 0.70 


a > 105 
e < o.GO 


a > 100 

e < 0.70 


u > wo 

e < 0.70 


u > so 
e < 0.30 


U > /GO 

e < 0.70 


u y so 
e <0.90 


a > 100 

e < 0.70 


> 50 


> 40 


25 'GO 


> 


20-go 


OO-GO 


iO-30 


8' 30 


G'25 


4 -15 


3-8 


< 4 


Comp o c tion not Pro ctic a L 
Replace ujith Compact/die Aioter/oi. 



-3 


A“ f 




A* / 


-3 



-2 


A- 4 



1-4 

-G 

-7 


A~4 

A-1 



A-5 


-G 
- 7 


A-7 

A-3 


A-3 


Notes: 

+ ondbose courses, except for base courses d,rectlu ur^aer tvearino surface 

guidance only. Design should be based on test results ^ 

Unifuieights apply only to soils uuith specific gravities ranging between Z£5 and 2.15. 









r^nii pavement DE516N 


8 9 10 


25 30 


^ <s 

C. ''ss/r/cc.'.'c .n :sC H or A 

‘<ou.'a' be 3 to3, 

/< -'s fOO /o /30 dfioros. 

b ' .:- -3oo/of-ooo. 

3 eor'do \'oIue .'S !0 ^o /3 Lk! Tq.ln, 

*• I 


. % • % 
« ? •• 


\ 


CBR 



o 


A 6 


A-S 


H l G H LV 
CL aV 


SAfODYCLAY 

LOW 

PLASTICITV 


51LTY CLAYS 

medium plasticity 

POO R 


Sand clay 5and claYmivtut^S 

fv1IXTURE.S WELL - GR. ADE-D 

POORLY graded R.OUNO TO ANGULAft, 

GRAVEL wi TH CLAY, POORLY GRADED 1 GOOD GRAVE-U 

SANDS, fairly clean I WELL. 


LU 


Ql CD 


[CRUSHED 

RCX:k*S01L 

[CEMENT 



Ua/o e cs when no/- S£/^_/ec^ /o 


IT'- - 7pLr•^-/^/r^a/■^y /^orrrru/a — Jn raHo pst i^defiermine<^ load/no aJO^d/t^ pJof^ to a 

K fa- ^es.-^ C(^ara rorrrru/c: cfefledfon ofO.OS: Mod/ fy for so/aro/ed Cond/hons. 

200 ' ' 


\00 I ~ I ‘ -f 1 _ 1 , — <— 7 -; / • '• 

Subgroc/e Bearing Value . | 

C <7 c, I I 1 RO I 

lO , 15 20 1 23 

’C"/i 


ISO 


2^0 



Thaofj^' .^orrr7<j/ 


I.OOO 


S(?e o/so ' 3 ” 

.900 • 8VO 



TTO 



CcH'forr-i/G Secir/ncp Rat^/^i 

3 4 5 Gt69IO 


20 


50 SO 70 60 CBR 




FIG. A- SOIL BEARING VALUE & CLA55 IFICATION DIAG RAM- 

FOR DESIGN OF HIGHWAY 6- AIRFIELD PAVEMENT. 
LEGEND FOP. GROUP SYMBOLS. 

c- C'.au.Ptasfic -inorgon/<z So//. ! V-- Pe/obve/^ Ioia^ / o Med CompreST/b/V/y^k- Peat P/pA/y Orp. Fihraas So/A 

pr. r/fes, ^^a:^€^/ol'^ O.I mm. ', M -Vo very fine rand.S/// eockf/oc/r- ^-Sanc/,J'cTr7^dy' Jo/A 
G* Orove/, Grav^JJy -To//. j O' OrpasT/'c S/V/ S/J/-C/ap orC/ay, W* lAtef/ Grac/ee/. 


H- High Compr- ^ss/h/Z/ty. |[- < ^ j 

t/c>/^S l ^c<o^/ ~7<o lAa/csG'S p/vsry are opp/^ox /r-ryerj*^^ ar?c/ S/jcsu/c/ rydf £/SGc/ OS o sc/t>st //^/^ 
far C &> R O ' R/e/<d Load / gs/s- 
,Har cR R.'ex/h/c Pav^ rriO rs /S see Pe^^aS 3’7^ , 3 -13 S 3-~fd /hr Paads aryd Pp^ 4.P9^4 30 

Par xf/r P.'e .'of Pc '' Oes/'p/y of Rvp/d Pax^rm er?./^, se^ Pap<s 3-SO fax Raao/s or7c/ PgS.47G.21.2B 

/a-P/-p/a.^ryr, Ph/s ofagrra^^ Jc ao>r?r^yo//eo^ proxra /-ry / G rv rf / /d pxr//aiAr//7^ ReferCroer: 

So/.' Pss/s rGyr- S>es/pr7 a,P P^/syi^ap Rayearj Grr/r M/'dd/e PraaPx (dS.f .O .) ^ Qer/rarxr ./ 

Rxoox eor ~7p s d'/^L7 tFvc7</ ReOGiOro'd S a arrf /^eaG/oadGr /3^B.. 

rr7p/r7esr-/V7p A/& s ^ e cr ,=.^<=/, ‘/a '30 . 4. Jon. 23, J 9 45. Der/pn oS Xrp^rb Fur?.vapS, 

ORp/ca. C/rcP op pjyp/aexrs e/ R. Pr^yr^u. Manua/ P- 3^iJ S- t 

3u.^eaa Yards d Chapter 'KX , fag . Alaacy^/, iVar 3ep/. Caac.RoaaZ £>er/ga hg PronR TPheetl^^ 


Poar/y Graded, 


^QIL5 S URVEYING (?5AMPL1NG METHODS 

50 ILS -SURVE.YINS£. 5 AMPLINS DEVIC ES-P^. 3 .,o. 

E.>^PL0RAT1QN & 5AM PLING METHODS* 


METHO D material im penetration 

WHICH USED method 

PodSbuncZ/hq Or/'v/nq /" 

on ^ J'/ee/ kod 

ProB/ng or^/ijef: p/ps 

A/I Soi/s Wfh //o/yc/eu/no. 


SAMPLING 

METHOD 

/Vfc Somp/e 


type of 

SAMPLE 


P/osh 


/I^rp Somp/e 

SonJna . 


Specia/ 

Somp//np 


A/! Jo //r ^a/7c/^t/mp. 

excepp iVosh/op /ndai! 

C^r 3>ou/ders. oo^Jcd Pam 

Chopp/np S/f re^^/men / />> 
on enef of / " ^osh /va/^n . 

A', heo^p/pc, 

Opery enc/ p/pG 
„ Or sp///’ spoon 

Spmp/er c/r/tpe/? 

/n fa To //. 


PURPOSE OR 
VALUE 

To obf'Oin dop^h af Muck, 
or Tof/ Sfra/a. 

loco //on ledpe or doo/derS^ 
Olhertv/se /a/c/e/ers. 


D/s/<jrhed - DoplA /o l^^peor 3oo/alc.rs 
cd/mon/orp Q/hcriA//sc i^o / l/g/c ss 
Coarse pro//?s ^esol/s dccop/z/e S- 

d o np &ro c/S. 


Coh e-s/ ^/e 

Jo//r. Cior/ny or Samp//r?p jp 

— Jor/hg or dev/ce > 

CohcT})re Jb//s. Soil^htoodor Sorr?/o/e / 
C ohes/or/ess fos/do/e.^iyez s/ered /> 
Jo/Js- \ro/o/^ P y 


0/si‘arb<bc/ ^<,/o frorr-, 

6a/ no/ P^ne/raZ/Qn a f spoon . 

repo rcf fed r&//o6/e on^d 

/ny O’ xp e /OS/ve . 


(^r.d/s/ur6ed r° 

ordev'/ce. laboro/arp f/ady 


WeJl on 

Churn 

Or] ///n p- 

/^o/ord 

Core Or/// 

3or/ngs 


rvfw/eu DU r '/ L i a 

han</ormr:A/^ ^^oop/,/ 
S tv/fhe/rawn. ‘^P !>/ Auger. 


^/s/a^betd 

Sc// Se//er 
/hory /A/osh 


A/lSoz/s C harry Bo//ed sa/r?DA 

fjuixrf d/ff/rd 

f^ciSGra^l. 


ar cryurnOGr f ' rs 

naa/erJa/orc/se ^ 

of’cr/cysacSeh: 


ti /of/ '/ 7 p fro/r> C/rca/a/zhny 

3}/. l/'^a/d 

l^rpe Sou/ders P/ornord.r/o/or Cores Cal S- 
^So//d ^ aoh * Taiv/oo/b Ca//erT* reco \/ered. 


T/a/ d 
Sample. 
^OC/ Cores Z/9 


^ laco/e SO/ / s/ro /a S- 
^/paryp pv<D/en. load's A/ r. 

f/e/<ds, Cb/iaJs S Pa //roads ■ 

Sample s far y/sc/al /r/spec - 

flor> o/ip so/l proT/ 7 e 

Occras/ono/ly Used S<ar^ 
foando/lons. " 3 a/ /ed 
Sor77p/es r/orSh/ess. 

Samples r^ar/h/ass^ 


^ Sdd eoeh. fa^ hdA Cd/e/s.\ recovered. ardo^ernQ/a. /ype S card///on a froc/z . 

Tesf p}fss. 

r«/rr^«r Oneiym^-^S Or Foy^er. P/f hard. i/ne/zs/i/rA-t/ Shoe/drupp/emerhofherT. 

Co/ssor or hy/ar ^ yv//h .rpoez,, ,, , . , , , P>o6h/n uads/urhed samp/e 

Ivaher /ai>/e. ^'^ 9 ged. lobe or spc<c. device ^ vr/erbed. Ooher/orj/err Jor/.Soil Cbn iep- 


GeophyTical ' — 

Se}sm/c,£/ec. A'o Corj^/nrroers v/prah/ar^ or }rr 7 pa/se 

PesMonee, ELec c/pr^ar-r/Ie exp/os-Ion. Oev/co /o rearn/en 

Po/en/Ial. ^'P^oh/orrs-. /dos/Iy pa/er? led rm s hAodp. 


'E E )- SPACING g- DEPTH OF BORINGS & TES T PITS nR T 

W,*‘'~ "" — ^ 


Tpec/od/h aa/gra / Cord/'/lan. 

Pr/rrjary Cxp/araf/on 

id/// //Td/aa/e ear /h, loose 

rock o/'So/d rack, ////‘erpre/^ - 
Sl^r> an a^r^-a /'r> . ^ 


O 



'ner4». 


♦Ji 
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50IL5 


SURVEYING 6 SAMPLING DEVICES 





r JCfa^v ari,fng 




'p.'s 


“fj. 




T^ro-'n SSc/'Tfen't /.^ | 

is'G'^er ro^£> . I ■ tf’j -e: 3ry p cG,SstC^iQf>s 


Depfh GO' 70'}n [ 


sofr so.'jS. 


^■^€J ''‘Hjyj* "'g Ov* 

:js y^r^'^^pjs:>’^p'fs 
, ary with s^./f G.^^on. 


PIG. A- WASH BORING RIG 




Po/h/^c/ 





J Brh/fe// s/ee/ Po<^7^ 

‘ip/fs ‘/>^^^of soMsoi/^ „„„ 

FIG. D-SOuiiD|N6 ROD. IIfIG.E - SPUT S Pnnu fiAMa fB 


for fah/na *’dry " sam p/ex 
t^asn ho/*/r>^ 


Fictno h.-r'Qf 

Sompk Cu^ 

of f fere -^ 
-frwr/ec/, 
fNmme^ j 
GSe^ed, / 


'f:o 

Sfee! 

*ut>€ 

6 qIv* 


P'ono hrnge wifh 

removabfe pm 
/ 

Soif <7noa/7c/ 

Sampler removed 



60yj*na 


evige 


s*j 'be. 

SO’/ 


FIG.F - SHALLOW SAMPLER 
COHESIVE SOiLf*'* 


ample S/Z9:S ^ byZ'/onq 



n 


Coupling 


, Head ySplf barrel Shoe-. Flap seat 


^er.gl-h of Sampler 40'\^A 3^11,. 

" - " - ''ye^rod box 

■oagy-i 1 — i — — 



Barrel 


S^oe 



^ - 'zi 
€r*e''Z 0 "^ 


ASSEMBLY M I.TSAMPLPR 


L’lZ'^forlessthanJ^/D ASSFMBlY VIEIVSH 0 WIN 6 

Lyeyorjy.O orgreafer 3.6/1 fompkr ^LAPS 

Thu somphr dlshrkisoi). rreez/oe £ Core &rJ///og have 

w for undf'/rarl>ec/ sorr,/o/is. 
FIG. K- DEEP SAMPLER.CDHE 5 I 0 NLF. 4 ; SOfl!' 


PIG.H - DEE P SAMPLER. COHESIVE S OH 

fors//ghl ^ cohesive so/ A. s’ dofe.rsuggesM som^/er /s 

3 ^hc One asec/ />g S*rov/We/7ce 
^ 5 'g C/oaSomp/er^peC '- 

^ S ft Slj/s of 4 ' cf/Qm. 6rasj 

C t I n ^ ^ fhick. phs a piston, 

'' • ^^^Qsher. ^Sof/ rubbers 


^^■iB ■ aorcgpQoocGCQi B 

mm* 



CoZ/fonry/o Be^r. 


r. 



















2*0 


<esuL?s CP soik. Te4T5 


fcieCM**jiCAL &NACVS»S 


X60 


<40 



7 


cc *^ 0 ' 9. 4CI *s* UAflP.Ar 

‘«0W W4n#»3 • 4 > »., 


i 54 
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F c o s ^ v'o /^yGS /acZ/aa 
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SOILS 


moisture: determination 


purpose : LTo deiem^ine moisfure contend for opfimum n^olsfure and maxin^um density re 
Other mixtures aggregates for concrete, bituminous and 

Method- Fig. A or heat method described beiocu. 

Sandy Sods : Use Chapman F/ask - F/g. B or heat method described below. 

Silts andCloys: Use heat method described behtu. 
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CHAPMAN FLASK: 


- 1 


2 9-1 


To determine moisture content 
connect weight difference 
{F$^P) t»»ith sp gr (5) ortd 
reod percent moisture {M). ^ 2 8j 
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•4*0 oT 
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Volume of Icvvercham- 
be’ h '^■o’k on hv^er 

neck - POO m! 

Ccmbmed volume of loit- 
er and upfier chambers 
tohfier chd of grade- 
o^ed sca^c on t ppe ^ neck 

^375 mi 

Fco 'e Qraduofed in } t! 
divisions frcmZ'^Sfrl 
to ^50 mi 

Diameter of openmg in 

letter neck, aopronmafe. 
ty 2.. n 

Diameterofbore cfqrodg- 
ated upperneck, apprcih 
motcly ^ ■ ,n 


Hif! to the 200 miili hfer 
mark on the /otuer neck udiih 
ujoter. Hdd 500 grams of 
moist soil and read the 
combined volume - Von 
upper scale. Ad = approx- 
imate percentage of sur- 
face moisture. 

M .LMsdSb , _ 


/ 


/ 


/ 


/ 
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To determine specific gravity 
connect the weight difference 
{P^'P) with lero meisturecontent 
(M) and read sp gr (C). 
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This ftomogroph shows ihe specific gravity o 
moisture content for 0 TOO-gram sompte only 

100 


M t 


w 


am- 


roo 


?00 

ml 


pJTO 


h3€0 


^ 355 


POO i-300 * k 

Sp. Gr. - The bulk specific 
giravity of the surface 
o/ry aygreyate found by 
ihe eejuai-ion 500-biV-200). 

^'differs from V in thot 

500 grams of dry somp/e 
is added instead of 500 
grams of a moist somp/e 
as in the case of V. This 
method is only practical 
for the Surface moisture 
of re/otively sandy soHs, 

Use jfirr/hg roc/ to 
e//m ina fe a in. 


M, moisture m sompie, percent by wt of saturoted surfoce-dry oggregoie 
S , weight of moist -sand sample = "00 g for use with this nomogroph 

P, weight of the pycnometer full of woter. grams 

P,, weight of fhe pycnometer containing the sompte ond filled with 
woter, groms 

G . specific gravity of the oggregote, soturoted ond surfoce-dry 

FIG. A- SPECIFIC GRAVITY & SURFACE MOISTURE 
CONTENT OF AGGREGATE -PYCNOMETER METHOD. 


CHAPMRN flask!* 

Notc: Use With cout/'on on account of 
absorbed air present. 


fig. B- SPECIFIC GRAVITY St SURFACE MOISTURE CONTENT 

— = OF aggregate -chapm an-flask METHOD. 

/ n 1 f coNTe^r o« SufirACc Mo/sruf^c CoiurE/uT. 

’ n'?n ^ '’^P'^^^rrtoti^e sample. If Q metric scale is a^a/lable the samnie chau/r/ a >. 

2. lAleigh sample and record weight 

slflFd/JITlUlylbf ‘tZmlTL/LoiF'"'' ^ 

4. Dry h constant wypht when total mo/siure is to be found; dry unti/ surface madfure disappears when 

<=lri^d sample and record weight. 

Percent Moisture = ^^fpt^t of wet soil - cueighf of dry soil 
gjeig ht of dry soil ^ 

* f rom Specif^/cat/ons, 
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501LS 


MAXIMUM DENSITY 
OPTIMUM MOISTURE 


Zi 


PROCTOR NEEDLE 
PLASTICITY TEST 


PURPOSE- ■ ^foximum -Opf-imum Ma/s/c/re Is c^elermlrje /Ae Yc 

" /V X / ry-? £j rr? ID^nsJ '/'u C(yn Se qS f'cy/r^^c/ PV/^crt *r£5/V As 

^ ^ jL^^' , « ^ ^ ^ -/i z. ' 


Co ^7 4:7 cr cT / (? c* , '7 , nA.h C7'c7r77Sj Brrs i? o r) Azrr7G nAs . C 7^- 

/^’r-oc^o^ .VGe<y/fi* /€»-rA yj* /o aS/a/y^ ry^eascyr^e oAAh^ ^yeoz-ee^ o 

zc.-7oj^-/c^of a SG// ^ry^eascjr^/r^p /As res/sAaryaG- /o /7eA/'^//oo . ^/3 

, e*. To^ O' As&/^ r m / r?/ /~2 ^ s<d/ / mc>/sAc/r~e , Ocy/y/vaA t/s^cA Ary Sg//s 

CC^O’-'SC scy ‘'.^/cr/^s , (Asec/ ^^osAA^ /n ^cyj^/h cAcyrr^ C<S>/^^AscJ<sA/or7* 


. T o ^ a f 

-"SC -T 


0 &/ 




MAX. DEN SITY- OPTIMUM MOISTURE. 

OQ^ A,S. T M- D.GBS - A.A.S. 
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^ P.'cfe 


^ ■ 'A Ac/#; 4 tpo. 
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CO (b) 


> . (a)Moy yjod/.ff. 

^ WRommer 

^ , {c) Sleeve 
Q ^ (d ')3o/of?ce or Sea/e 

cQ ^ 25 ^Cop. Ssn. to 0. oAi 

;a {e) BoJonce (OOg, 
.'5 Z Sens'/hve /o O. 1q 

'*' Dry /no ovon 
yV: N0e.o?230F. 

Jw/^CSJ ^2 SlnoIphleApe. 


126 

122 

^ IIS 

114 
^^5 HO 

102 

UJtf) 

$-j 94 

90 


Pcnmrrc^I 

Per/^anc 

Ct//~VQ4 


G<//* 


?/ 7 J/ 


fpr.\ MO! A fare 


STr^ 


2000 

1600 , 
1200 te 

soo ts 

400 “ 
0 20 

flc a: 

^ 1- 

^ UJ 

i? 2 

CO lu 

-J Cl. 


apparatus needed. 

testing PROCEDURE: 

G/a- * fsooo grorr7j-)o ^o/> lyr/e c^j-o/7 s/7ph 7/ u 

damp poss/np 7he A^?4 s}ev'e /> pr 7 /xee/ Tho- 
roa^fy/y^ 7hsn co m poc7sd />, /de npa/d o/' 
^ySoof CP /■/ copper/ 7^/ }n 3 egpo/fouers. foch Jpuer 
■vrj^/y/np 25 b/oivs 7>a/r>75e ronprrfentv/Aha /Pon- 

■ rp/.oa' prop of I f+. The oa//or /'s removed ond 7he 
So/i s^rpe k. o ff /eve/ oDp' ir/e/phoa7- 

Ch'/. o f so!/ p.'us mo Jd - pp 7. of mo/a/J X 30 = 
de7 Weiph-h per cub/c foo7 or ivgf derrs/by. 

A lOO-cj.somp/e Prom /he Ccn/er of 7he 

-■r/oss js yye/p.hed, c/r/ed o7 230F. o/-,d 

mo/sfure' cor?7eT?P de berm} need- 

Pa/yer/zs orfp/no/ G lb., odd oboo/iyo 

iVa^r or/d re ooo/ Pesd. P&peoP on 7/7 

so/, becomes sofuro/ed /a 5 <=> u 7 S //me r) 

' jye 7- Ders/7p Corye See P/p. 3. Oy/npu/e Dry 

Deps/7p b^ Porma/o o r, d p /o7 curyg. 

Dru Denrd,, -. • /b. perCu- P/-. 

, % mo/s7ure + J 00 

/r /o. 3 ■Po.'^r d /op aPDrp oers/fp CerryeS read 

opr/rr/am ma/s/gpe <S max- h^/ta/So// 2a2Yo d /03,S/S, 
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Same os obove e xcepT' : 

I. Po/mmer 7o yye/gTi 10 lb. 

2- Parnmer/o bove Con7ro/Jed drop of /&" 

D.Soi! compacled in ma/d /n Bequal 

blo/r/s 7o eo cTt /oe/ss'. 

^^^o^drdosLeb .arr/l W7-. 

7^. /Wodern PmPrd^ COrr,poc7/on/ epo/o - 
con greo/er dens}7/es /bp/yjl 

S I A bp /T/e P/andard Proc/oA 

or AA^S.d.o.resT-. if f/e/d compoed/or? 

or y/bro^dron ky/// p/y^ orea/er^As//- 

7han7be 7es7. 7he b ip her del,y/u\ 
sT/ou/d be used /o cro/./^^/ compoc/hr?.\ 
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sdo/>////y de/erm/r/eo' yy//5 //■<? p/osd/c/du 
oeed/e by m eosun/ng ///e force repo/red To 

press /7 /n/o The so// c///5e ro/e a f'/s"persec. 
^smo/dp^ord/or, oPdhe So// fs o.yen dr/cd 
o c/e/ermyno d/re nnoJsdune Corj/err/-. 
this procedure is repeoTod 3 /oGormore T/rr/es eocTr 
f/rr/e addmq oboc/7 J‘/o mare ivo/er ur/tit The ro/lbecuwer 
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'fare Car?fe 


rcj 
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METHOD OF DETERMINING WEIGHT 
PERCUBIC FT.OF501L1N PLACE. 
calibrated sand method. 

The density of a soil layer may be 
determined by finding the weight of a dis- 
turbed sample and measuring the volume 
of the space occupied by the sample prior 
to removal. This volume may be meiisured 
bj^ filling the space with a weighed quantity 
of a medium of pretletermined weight per 
unit volume. Sand, heavy lubricating oil or 
water in a thin rubber sack may lie used. 

1. Determine the weight per cubic foot 
of the dry sand by filling a measure of 
known volume. The height and diameter 
of tile measure should be approximately 
equal and its volume sliouhl be not los< 
than 0.1 cu. ft. The sand should be 
deposited in the measure by pouring 
through a funnel or from a measure witli 
a funnel spout from a fixed height. The 
measure is filled until the sand overflows 
and the excess is struck otT with a straight- 
edge. The weight of the sand in tlie meas- 
ure is determined and the weight per cubic 
foot computed and recorded. 

2. Remove all loose soil from an area 
large enough to place a box similar to 
the one shown in Figure B and cut a plane 
surface for bedding the box firmly. A dish 

pan with a circular hole in the bottom may 
be used. 

3. With a soil auger or other cutting 


as was used in deferminatiun of imit weight 
of sand until the hole is filled almost flush 
with original ground surface. Bring the 
sand to the level of the base course by add- 
ing the last increments with a small can or 
trowel and testing with a straightedge. 

9. Weigh remaining sand and record 
weight. 

10. Determine moisture content of soil 
samples in percentage of dry weight of 
sample. 

11. Compute dr>' density from ilic fol- 
lowing formulas: 
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Mo son Jar 


I Ca/fhro/cc/ /o 
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4VDi 


Id. 


Melal funnel 

Vo/ame of Jar 

in Cu ff ^ 
v\Jh of water in 
G2 4 


Ah^tde/fS/^ 


' /ao 


% Compochhn = 


tools bore a hole the full depth of the 
compacted lift. 

4. Place in pans all soil removed, 
including any spillage caught in the 
box. Remove all loose particles from the 
hole with a small can or spoon. Extreme 
care should be taken not to lose any soil. 

5. Weigh all soil taken from the hole 
and record \veight. 

6. Mix sample thoroughly and take 
sample for water determination. 

7. Weigh a volume of sand in excess of 
that required to fill the test hole and record 
weight. 

8. Deposit sand in test hole by means of 
a.funnel or from a measure as illustrated in 
Figure & by exactly the same procedure 
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FIG. A -FIELD DENSITY DETERMI 
NATION APPARATUS. DRYSAND METHOD 
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F/G.B- FIELD DENSITY TEST. 
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MECHANICAL ANALYSISfi?#^^ 




: 1 7 C laeni h om<y<^en^c:>us /rt A^g mcyja/^ See, P^-3'0/. 

2 c. '^rjrjr. -c' r^/x /ores' oGaurrJng /r? cr ryrf/urc^/ s/^/e, 7^A/e A S C , Pp^SOZ 

Pa^es 3'03,J o4.3'OC;S 

4. ^ cy’£S-/pn (S' <r‘or?/--o/ s/ts 3/ // z-^(^ S'g f / rry / y/tjr e s , 

5. To s'e .^e ' se Sra>s:^ hsavArip pQ / e ry /'/(s // /-/^s . See 3/7. 

C- ri c:? — 7. ■-<=• S Sx~ec/y\'e SJie C^jg) S C/rj / P<sr^//p Coe f P/a/G'riP fCu) f<or /he 
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SIEVE ANALYSIS. 

5i^e of sample fo be '4-00 to 7SO grams - 
the coarser the mater/of the larger the samp te 

re^atreS. 

Take sorrm/e bg gaarter/np or yv/th sompte sp/ttker, 

Drg sar/a-ce motstare by heat/hg the pc/ortered 

sample at less thar? 2/ 2 ,‘^.^or botf/np point of yvoter 
at h/yh att iterates, /n operr pan aot/t sar/oce rratr/ 
ct/s appears S Samg/e ts apparently ctry ana' iv/tt r?ot 

tose mare weight w/th ao'et/ttorrot heat//yg. 

Break ap cokes w/th mortar A gest/e . 

Ae caret ctry /v eight of Sample. 
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Y San^ p/^ ct/7cY p/a/^ ccjr{/c. 
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■ FjQ. A - MECHANICAL ANALYSIS OF SOILS. 
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TAbLE C - MAXIMUM REQUIRED THICK- 
NESS IN INCHES OF PAVEMENT AND NON- 
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USE OF FIG. S». 
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P/osh'c/f^ /ncfex (Pf.) 

nob more fhon /&. 
Max //mom depfh a 

(^ons^’racf/o/-! - (3 

Note ■■ L.L. ond P. I ya/i/es 
os /~ ecommended by the 

Port/a/id Cerr>ent Pssoc. 

For cemeni freofed base 


60 


PtosNc/^y Index (P.l. ) 
o f frocb/on o f so / ! 
pass /ng A/^ 40 s/e\/e 
Sf?oa/d he From 3 bo 3 
bub nob over (b f f 
bf bam/ n oas Surface 
breobmenb j's bo be 
added. 

The Fracb/on pass/ng 
A/- /O S/eve shcxj/d 

sb? ora no opprec/ob/e 
S h r/n A o<pe- . 


3 ro 6e usec^ os a guide onJge 


141 Soils 

kZ 


U.S.P.ft.A. Soil Groups 
61 $oil» 

A-4 


10 Soils 
A-6 


Soils 

A*1 


^ 40 

til 


4 6 6 10 I? (4 10 IT 'OU 14 ion 

gr 

^orc 


b 6 10 12 14 10 n 

or 

more 


5 1012 


8 10 It id 1^17 610 12141017 

0^ or 

rnoro 


suygesb A- 3 type soil. 

Sec also Table Z P^.S-ZZ. 


PER CENTS &Y VOLUME 

FIG. B- RESULTS OF TESTS OF SOILS TO DETERMINE 
CEMENT required FOR ADDITIONAL BINDING/ *^ 

^ TUMIHOUS 5 TA61L1ZATION: SoJlshouldbe se/ealed an noA/ye yrana/ar. a.aber/a/s A t la A3 

bypes. The usual depth of consbrucFon /S 2'p"fo4: Amount of biAumino<js rryafer/a/ ,,Ljd 

vary accord/ng bo S/^e i^/fh rnox/muna rego/remerff for f/ne Jb/'/s. An a^eraoe fvoa/d be 
Vzgo/.per Sg. yd. far each /ha/h of sba/b/b/jeef pepf/,. 

Bdano/noas rnaterio/s asua//y used <.re Cdf- booh osp/ha/b MCZ or /iyC3, Pood fans 

res/ns(Vmso/, SfoSsno/, Fexf/f^J are a&Ued/o Me so// /% Mesofrye maaoer as Cerrren/i 

/o Me prese/7FJ344, res/ns /7ove been c/see/success/h//</ or,/<r f^/M aoid Sa}/s 

CALCIUM CiyxmE stabilization: 

des/rec/ dens/Z'/es and /n pre^enZMg /hss/- aed/on. ^ ^ ^ 

rLV U5ED J N stabilization : Cbise/ toobh, Sp)ke tooth and offsef 

\m/x/ nff p/onbsf Sorter Greene fypejS- sp eed ro for^ f///erj'CPo/<//- m/xerj/p ' 

Ayg/^fed fro g . Av/Odon M^na^/ ,Apr. f-suoro/, BS. ^ -7 
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SOILS 


SHEARING STRENGTH d- FOUNDATIONS 


SHEARING STRENGTH OF SOILS: 

Shearing Sfrengfh in tb Sf. f^. • W fan. ^ 

bs. cer 3a. ff.i 1^- Rnole or infernal fricftani. 


♦ C CCoufamb^ Lav^), where W~ /Vorma/ Load tn 


yfru approximafe values p-f ^ and C See Table befov/ and Table P, Page 4 - 74 , 
de ter minaf ion oP shearrna sfrenafh and ifs aao/f 'rra f/'m fn Pounds 


ro'' veru approxtmare values or 
The deter minaf ion oP shearrng 
req^uirmq experf fcnovs/ ledge and at 
0 / cohesive soils can be defermined 


oP shearing sfrengfh and /fs app/f 'caf/'on^ fo Poundafions ore maffers 
ledge and af fhe oesf are in a confrovers/a/ sfoge- Shearing shrengfh 


QUICK SHEARING TEST: ( 

Tesf Sample vttfhouf /aheraf supporf. 
hlax. d'-'if Shearing Sfrengfh » ^ Maximum Untf Load. 

FOUNDATION DET 


?c/ bg quick shearing fesf be/ow, 

/^UNCONFINEO CO'MPHeSilON TEST 
* V. A>f>n.iC^ftLg TO COHBfttVB 50tLS. 


Unsupporfed 
Sampie^aSout 
Zdiern. ku 
] 3t"*4Ve/>y. 


FOUNDATION DESIGN FOR bUILDING5^ t 

r QENERAHTATtON AFTER DK. K^RL TER-g/CaHl S 

:o^e-entk,!,i,j^ of Sana's ancf sUh *.arits yvifh densifa. CompressihiWu of cfau varies wifh wafer Conlenf 
vanes inverse/^ wr/f fhe cohes/ve sfrenafh. ^ '■^nrenr 

_ Seff.'e -penf of foundahons on Cohesive soi/s increases wdA fhe s/je of foof/na. Load fesfs are of 

.^ .eva.ue etcepf on cohesion f^s soi/s. [n fhis case fhey shouftT be performed in a sfandard 
‘asr.'cn .'.n a an& sg tt. area for purpose oT comparison . 

Jnveshapion of ad, even fhin layers of ma fen a! under a foundafmn should be made, asfhin layers maybe 
v,eak :n shear and thus cause a settjemenf. Even of yreaf depths weak layers con cause imporlanf seWemenK 

~:.^s arenotnecessern'yapoor foundaf ton if dense. Tb^ are however likely fe be found in o loose sfafe 
Sjferynfs of groups ofpfes are always greater than those for sinate pi/es. 

^ tsesu.'fonf of o retaining wall should ^ at or near middle of base fhr cohesive sails because unequal settle- 

<7 \//oot/5 cycle. Too much emphasts cannaf be placed an drainage of rear of refaming walk 

'eiiJ iff!, .a 1% lT 9'''*^ °r> i ^27 /5 condemned because the analogy is foofsr 

e .-.ed. Best approach f,r check of sods particular^ on soft foundations ts fhe Most Dangerous Ckdear Swedish Method 

CHECK OF SEARING VALUFS FOR SOFT CL^ 

i' If mate bear/ no capacity - Square I loao 

— « Cohffsiqn. 

Ultimate bear/nc caopc/f u - /orx/ reef- 

angu'ar footings ~= S .7 . Cohesion \V / 

for instance with a Square foofrng if \ ">/ 

Cohesion , ;oOO*/sq. ft, u/timote bearing 


tning 


- Square 


’OOt 

• 9 9 


I LoAP 

POOTIMQ I 




Dtreefion oP flo 


^ r r. , ulfimafe bearfnq /“a 

capac/fu - 7 . 4 - ^ fOOO ^ 3.7 tons. ^ frection of fU 

'Ihe safefy fa c for recommended for Clogs is 2fo5. FIG. ABACTION OF F< 

-C-HE(;k, or searing values for sands 

Check empirical soil vafues bu fatloculnq fable. 


OF FOOTING ON SOFT CLAY 


DEPTH OF 


FOUN OATrON 

WATER TA 

5 ff 

or 

mo re 

^t or be/oup 

S ft. 

or 

rnore 

f^t or belouj 

Z ft. 

O r 

fess 

Con Siderable 

Z ff. 

or 

(es s 

Rt base 

Z ft. 

o r 

less 

Cons iderabie < 

Z ft. 

o r 

less 

Rt base 


base 

base 

depih 

depfh 


TYPE OF 
STRUCTURE 

'narg 

Very Sensifive 

Ordinorg 

Ordinary 

Very Sensifive 
Very Sensifive 


ALLOW^bLE SOIL pressure 
TONS PER sa. ft. 

oe^Tse |doo5Tful I 

— I LOOSE 

•5 5 r~5 


jVorfr Importance of densdy and wafer level 

, ^HECK OF SEARI NG VALUES FOR STIFF 

5o ff Clay, Check empirical soil values also b 


character of soil cohesion 

bt, ff cHL o 

1/erty stif f CtOQ 

Hard Cfau ^ 

— ^ ^ L 9. 

"Foundatiorps of structures designed 
^°'ls shout d be considered adeoi.nfa 


dense 

5 

3 

4 
g 

g.G 

T 1.5 

CLAY 

foUoujin 


t 

g.5 

l.Z 

t.G> 

O.S 


1.5 

0.6 

J 

0.5 


fable. 


COHESION -c CTONS per SQ.FT.) 

0.5 - i 


tons per Sr, ft 


over 


•I ULTIMATE 

Vs ULTIMATE 

1 . s - 

3.7 

1.8 - -2.6 

3.7 - 

7.4 

“Z.S - &. ) 

over 

7.4 

Over G . 1 


lence in sim/ior sfruefures in ^ Sound by odequafe CKper- 

c/th3 geology of the site ihoutd be Jet! a ca^mpfefl ana/ysis 

bonnas test^^ds and othir Sod investmnTrrr'r^'^J necessary data by 

Tpundoffon cond.fians may Trea uenflu ^ Pormaftons or unusual 

in foundation design and Ud ong/usil'^U experience of specia fists 


values o\ 
have been 


±J^e also Pol!s^?.Toto2%9^fo7''Zta rTiHVPJ^:! . f Mueser. 


SOILS 


EMBANKMENTS 6 RFTAINIM A WALLS 


3-21 


limitations : AH ~ a, ■ 

crn^/ej- /Ae /> 7 o/' ^ rriofe-^ja/ r&(^a/r'G‘ fJaf/-eT 

i^/// yary /o /■/?& 

a/sc. ^ary o, /o s/-c^a^a7Z ^^ /a or.c^ <yag/a //W/ 

Gronu/on so/'/s- hav'e r 7 o //cg^i //> 7 ^ ^ e/qh ^ /ah 1/ reT/a. 


COHESION.^ 


POUNDS PER 


QUARE FOOT 




350 I 400 450 5001 |600 700 


■■BiiBwaaiiaBMiS 




250 


225 


effective soil DENSiTV,/x 
POUNOS PER CueiC FOOT 


uii 



■R 

msL 


ANGLE OF INTERNAL FRlCTfON * 
(FROM TABLE <y f AND 4 In' 

stability of earth slopes' 6 y OW. TAYLOR) 




10 20 30 40 50 60 70 00 90 lOO 


LRlTlLAL HElGHT./f FfFT 






s / f* fo 
Ff'rrriSolf' 


i 5 i 5 sgSSisSigg igggi«ag g»f/f#iM 

SSgggagggggajRf/jifii 




30 >. 


» 2 


UJ I 






Firm Soil 


Examples SHOWN BY BROkFn l.hfs 


IF f - 7 6 


lOOPOUNDS PfR SQUARE FOOT AND 


76 - loof'OuNOs PFR Cubic foot 


then for T .ij , /f ..yFEcr, (i inE m-' I I) 
Cfi FOR / 7-20 Ffer. J--i. 4 .(LINE 2 


H for h«th 


lau 6 r 


°lt 



Note:Th/s rfcju/res JoSoratory 

defermi/nafion ofcohes/on a/id 

ang/e of/n/erno/ rr/cho/n, for 

y— ya/ufs See p. 3fo S TobJe D 

FI 6 . A- DETERM INATiOt^OF EM 5 ANKMENT 5 LOPE 5 <$• HEIGHTS 



Bsae 


RETMNIN G WALLStpir/^^ pr. Kan Ter.aohn. 

^ATA for estimating etarth pressure on II 

__ THF BASIS OF EQUIVALENT FLUI D EARTH. prj;^porec!u..a/en^ 

Description Of Bac^fiul. »e. [• 4 I of u/iff weioh) 


/. Coarse grained dockfiU cu/H^ooi odmixiure of 
fjne so/7 pqrf/c/es, yeru per/r>eoh/e. 

Coarse gro/ned bockf/// cu/fh Joou permeobi/ifu 

a of so/J pariic/es a/iib s/Ji ’Sl7e. 

ff^s/duoi so// u//fh sio/ies, /oq/du sand and 

orher bocAf//i moier/afs u/Jfh conspicuous 
day con rent 

4 . Piast/c day. 

5. Soft day or mud. 


INC3 WA 


CASE!- UNIFORM SURCHARQF. 


Surcharge 

^ l(jlllf((ll|/ljf[^^^ g = . /b/sg.n 

- increase u/^ g/yen i/i 

- Tabie 3 by:^ on bock of ^ 

9 A' bu I = P= I 




WITH 


CASEH SURCHARGr DUE TO AN 
ADJACENT VERTiCAL LOAD. 


- t- A kT H . *1 o rTop of equivaleni- 

Ipcuff ib^ft % ' '1 ] of ami weighi 

0 4 

no 27 - 0 - h/eighf of rnafenal 

ns is - 0 ■< '1 

^ Cohesion Jb./sg.ff 

ns 4S ~ 0 . 

For S 0 //S */ to *3 in Table B, 

120 12 0 200 4.3 on compre-ss/bie footing ,' 

I 100 I I00\ 0 I 0 jncrease cu' by SO %, 


SURCMA.RGE: LOADS. 

I CASEUI- SLOPINQ SURCHAPr^F 


HO 27 - 

ns is - 


ns 4S ~ 0 

120 no 200 4.3 
too too 0 0 


L • Load per I/neor foot. 


Ao* 


f^PQs^ ^ egu/ya/eni fiuid. 


Hori^onfaf food per J. f 
on bock of ujoU coused 
by L =P= 


cu"^uj'[ 2 A^^)^] 

u/” = fgu/yo/ent f/u/d 


TjSr- I by L = L ||J; ' j beb/nd ujo/l. 

[ c/ ^kfarS hcnr^Qona o ys: Shear must be /rss than j b eo nna coanrif ir .L-f ' ' 

J 'i^ptfd from fag. A/^yvS P&cord. Vol /2S a/P 7 doted Peb. /2d342 Orf/c/e hu P P 'A ^ 

' 5 cc o/jo fg. 2 -^ 8 , 2~^3 far data on retq / n i no 
































































501 L5 - EMBANKMENT 


FOUNDATIONS 


ELASrriC "THEORY! - &ozed on S)ouss/nesej_ a ~t , 

CAUTION .:- //7 applying ihis to Soils, // is io be rem e mbered bhof // is based art 
a foundahon ^ of homogeneous, tjobropio moberja/ of /nr/mVe o'ap/h.madt./us 
of e/asf/Gffy /n dep e n de nf of dopfh, i^hich ore no/ /he UJUa J proper /ies of joi/s 


Load Diagram 


I f \ A(i DiAOram 


- b ■■ 


006 


256 


.506 


756 


106 


1256 


1.506 










^ 3 


7 

- 



v> / 




oy 

'i- 



^1 

1 K 


256 


506 


.756 


1.006 


1.256 


1 506 


1256 1 06 756 506 .256 .006 256 .506 .756 1.06 1256 

S Mai Shearing Stress ^ n, Vertical Stress 

FIG. A - triangular LOADIN(=i. 

DI5TRI6UTI0N OF .°)HFARmfi 



1.756 1.506 1256 1.006 .756 .506 256 .006 266 .506 .756 


ri^. A- iHIANfaULAK LOADING. FIG, b- TERRACE iDAHlNff 

mSTRlSLITJON OF 5H EARIN6 5TRE5 5E5 UNDER EMBAMKMFNTS * 

5 - Shear pen sg.ff p Load per sg. fi. on foundof/on oi ^ of dam. ' 

USF 'Sobrop/c moioriof, rhf/n/be depff. 

diagrams* OlYejz.-- ^rrfhor/jhfrien:/- fOOf^^hfqh' foufyo'a //Cyr^ 4 * / 

f/ne s/ii lAj/bh ion. d =0.4 and 0=0, i^eiphi-= /20*/ca.fi. b = 20 0 fi en/o 

Shengih ^ W. ion . 9^ ^ C . M/ - anH t^e/ohix 7 ' Shearing 

Cmidpa/nb of s/opa = iOO^SO) dnii Shearing sieng/h C O f ^ ^ 'fi 

rqq/or-ofSc}f^e f(Js~^^^-^:= ^ ^ ^ 2ooo ^ ^ fans / S th 

Mj. N- factor , of SAFETY : -7y So/afion of o/h er depfhs, 0. 25 b, 0.373 J>, O.JS b er/c 

fvore. DoHed I me /nd/coies psjsible didribuiion. 

o^cordmg bp iiashcThearp of horhoniai "A . m 

pre99ure frennsaperimporcd/oa^s. • ; ^ f i - S,, ' .-i ^ : m=^ 


oposea f/II' C‘ 2 oo 
ton 3 S'- iQ 


■ fill - 


nv 




^ zx 




jZ a 


H 

' 1 

1 jrT 


\ \ 



\ 


|m 


X 



— N 

5 b 


— 



S- M=X Sheor.ng StreM n, Verhcal Stress 

P- Lbs per s^ff. disbr-.buted Load. 

FjQ. C- DISTRIBUTION OF fiHEARlKG 

^IE£55i5_ UNDER LONG FOOTikic 






ory 3 


■ ■ 

Siroi ' urr ^ 




"Sf/.bum I ir' ^i" r 

1 II M rl\' I I ,™X7x I %ll I|\ < 

T f»rTfr^5keei>il,ng' ^ 

CA £>£. I Mrahim 

shearing .^pengih Ifsheeipile and plai form 
/oundarton /c? /'e*jvlr/ 

^^f'OrL/m efs /o//o*vjj ^^ras^ofsofi 




c! •“# t ' r ^ 


f *'777 


^ r 


CASE. I 




f ^ arc /^ 

irohjrr ^ 


EI ^^^PLE : Tcsi safisMum e 

Ct^ Ci. ^ 4 P c , / / ^^/^ofi/rr?no fur/'/rcrch<?ckof 

ror jupporf of ^mbonkmenf* ^keor/np yhers /s ncccssort^, 

Unibfh^ '‘7-25X/0X/00 .- ZSO . 

"sdhe^r ^ /vn.^* C> 25 x 100 K-OSSt 200 : 287-5 


25] 


Cdhere deybh ^i-aZir.C 

Safely facior .- , jj ina^egoabe. 

IF VINS PLATFORM. 

s^aoer, ^^Ada^ied fr^ J. 3oj fin J'oc , 







^ ^ SLOPS OF REPn.SF.-::- 

(Not to be U3e~ior 3afe Slopes - pg 


3-21) 


Kind of Earth 

Sand, clean .... 

Sand and clay . . , 

Clay, dry .\ . . . 

Clay, damp, plastic 
Gravel, clean . . . 
Gravel and clay . . 
Gravel, sand and clay 

Soil 

Soft rotten rock . . 

Hard rotten rock . . 
Bituminous cinders . 
Anthracite ashes . . 


Slope of Repose <S> 


For cohesive soils - see limitations, pg. 
varies with height). 

For granular soils - a slope flatter than 
be assumed as a safe slope without regard 
S>&fe slope commonly assumed in practice - 


3-20 & 3-21 (safe slope 

the slope of repose may 
to height, 

1 on 14 to 2. 


S^ERGED SLOPES 

(Determination of safe slopes by investigation is indicated) 

Safe slopes for granular material - may be taken as same as for 
slopes not submerged. 

Cohesive material safe slope - may vary from O to vertical. 

Material on which fill rests an Important factor in determining 
safe slopes. ~ 


ARGLE OF REP03B& 

OF S IIBI/E RGE'D slopes 

BY WEf OR DRY 


SirBMER GED EXCAVATED SLOPES 
~ ule of thumb) 


PROCESS AND DUMPED INTO WATER 


# # 


Material 

Sand, clean . ~ 

Sand and clay . 

Clay 

Gravel, clean . 

Gravel and clay 
Gravel, sand and clay 

Soil 

Soft rotten rock 
Hard rock, riprap 
River mud .... 


Slope of ( 9 ) 


Sand . 

Clay . . . 

Stiff mud. 

Sluiced mud 


1 on 2 
1 on 14 to 
vertical 
1 on 1 to ver 
tical 

1 on 10 to 
1 on 20 


from 

® '/or Cohmsfve 

So//s r?G It'mif 


American Civi! Enq Ineers 

soils Ihese Elopes 
s f-o heiahi 1' 


Hand book by Merrirnan 4 
only lo hetyhls of /ess /hon 'ZO' • for non^cohestve 
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SOILS - EMBAN({MENT5HRINKA6E(5' PERMEABILITY 



EMBANKMENT SHRINKAGE 

CA3E I — Y/e/c^' oY Sar'/^oiA/' /n f/rj/shecY 

\o/u-nG r ;_ — - \/o /nVersGjl/ OS €YGr7J^//(/. 

L? O rj S J T<^ ^ ^ 

[bonroi^ pi :h c/ r-y c/ r-, 3 / 7^ ^ - 1 lO fbs. per' ccy. rf. 

iem bonb rr-> e-r? / dr-y dens' i by - 123 /b3. per cu. 

Then iou yo'. oFbor-noir^ h////^ /«♦/=/ J/oy; BS cej. yd. err? r> on b: merrb. 

CA^E H - d hrin A:npe o r^er' er^rfA nnt/k ry'^errb cn m poerb/cyr-t . 

This ^y/// be zero ib e rn bon A: n^enb fs compoc/ed bo n-, o jc / rjn erim c/enr/b,, 

.n ana j n any pracb/ Ce , /.<?. potrrer- epez/amerj/- i^/hee/ eompoeb/o n ~ noroyy r 

na -aaisbiy-e CO n A r-a .' - /A rha ^ Z, ^ A ^ C ^ r- . /~^^<-nron, noroy/enS, 


•z r 7 c? y s> . ^ C, CD/y r r-o / - /r rr^ ^ ^ . 

SonC/ ortC/ O^OVGl - / 7^0 

i ^ ^ j 4 


C/oy op {oonri - 2 bo 3 y< 


^ X ^ypar^SI^G c/cryj^ ^M/e// /W e^^heyryAz 

w A ^ , gY^ yny^raper- /r 7 <y/^r'/o/ sug/j c^s xaj / ar- 

shou.<=/ be o//ob^yec/ y^or-. ^ j c^// on /rycy^Az ^ 


ESS ' 1 L° 'f ' 55 P_ of embankment. 


rcj/es Ya- o'Se v%rh 


c^ens/Y/GX or'G rya>/- g b fo / rycy 6 /g . Po^Gn 


G / p Gr> 7^ ly/ /? e G Get C7 o P/a.^ , / 70 / na//ecY) 

%YoiV7ond3ar.d m: ^/v: 

C/GC/ G TTc/ <X/cy^G P ccrnYJy / // * 


PERMEA&ILITY 


Vege^aS/e xc/^P^ee Ta /7 /. !Q * 
lec/pe ragjf: 

5 ee q/so Pq. 3 - 25 . 


J.20 ** 

1.24 '* 

0.70 * ^ 


TABLE E> - PERMEABILITY DATA.t 


Tu r b(j le n + 

91 ow 


k 


1 


COE FP- f CIEN 

( k ) m Cm . pen 


PERMEABILITY 

SGc. (Log SCO Je) 


APPLICATION , 

inearth DAM9 

AND D( 


types 

OP 

So I L- 


id 


10 


G o 


p droV, 


-1// 


10 


-4 


10 


CJeoh Sra^eA 


10 


-6 


P^rfecivaUdii u oT 


ec//o. 

k 7 <Y c/V 


P 


^/'r^C 


~ C7y? Xhyyc/xj 

^p/yc/ S yns ve/ 

aaXx Y</ne 


Ye 3 A 


/>e>s///ct/? 

^ rk//a6/tz- 


/e»r7ce 


dire C T 

determinatiow; 

of coe^fi'ci’enf 

o f Dermecjb) I f+if 


CiA XgV/ /> />^ orTp/y^/ 
S' pojXAs) /f proper 


d-CQC// 


CONSTANT .^EAD p 

/ / fHk expert e/ 7 cg / 


• » 


b n 


/no 


Amp 


Vl 




n7 X 


Ke/y A/ Ye xands, 


, 0 ^ 

^Pr eye:// c 

irr? oe. r v/ 


Dorcy'r [q^v 


rb 


\0 


// 


U 


'yoVy/c S'///ixj‘ /?7/x Ai 


So/igAj 

////. 


S/AA <f p/*^^ 


► A/'ecA a A Ay 


cYepo s\/ Kry 




nes 


ec/o 


aA 

A 


A 


/mp 


/a A/ 


0/7 


/oc's Xd/s yvh/ 


/770 cAA A/ cd by 




indirect 

DETERMINATION 
of coeffcj'en-f 

o? pernnta bi 


f YrOr>d Am. C. E 


^'~Ohn A4 


P^A/\ 

I /AAA e 


re 


CO/7S /<=>'< > rah/e 

c/ 

rmeameter 

gyrrep 


t0 


c/t arc 


Abe e A fee As o A 


orre/ A/eaAbe 


d/7P 


/Gr? X 
cA/t/zG 


ft 


/rr? per 


c/oys 

of r/eo 


G<e 


Lr 


/e^s 'soy/s 


rrbi 


oyeneoas 

^eAoh/ 3rp/7tf 

AYcr/ep 


4yrre 


COM P UTA 
? Sra'in s/j e 

(€.g /io^en's foVrrfa/a ) 

Ac c/can 




On 


Co A cs/o /b Aess 


'Ay op^/co6/e 


LUMG HE-Aip PERWE AME ter 


SqHc/s 


/An r-iy//oA? / 

Mc/oY e xperj'cb^ 
Sary f^r cro 

An? A e. 


ee r7crcs\ 



ore A a t/o r? 


on 

rrr 

e/s 

HORIzh'NTAL 

Aery 1/7 A/e exp 

Aspee/c //y use 

of a Ao rp /7£//^ a A Sc7Jr?7 


ecssarjy 


\e/7cA 


t z 4 nf 


CAPILt AR ITYTEST 

erjerjci' necesjro/-^, 
hr \rc?p/W AjpA/np 

/n A Aye 


bce A 


C 


~ 17 ^ _/L , i — A. ^ — \l/>e/<A ypAAroc/A Aob. A^^/A/f/Y r 


COMPUTATIONS 

from Co.7So//c/of Ar 
AesAs-, *&xpe/7s '/\^e /c7^. 
Cse/zp- S pe>ns/cAer\/>/e 

cx pen? 

re ec? /'r eef 


' r ^ fV/OO/n . ^ ^ / T ■ ■ li/ w * r ^ cr 

ges, Norro^ar sS Sf/ ''^odrm hyhnAy pr<t.ctice. 



determination of voids RAvTlQ = e 


Example: (height of SoN = /20 pounds per cubic foot 

Specific Orot/itg of grains =2.70 

270 xG 2.4 =/G9 ib./cu. ft - Theoreficai ^veiqhf ofsoiidmaferial. 

//69 -0.7/ cuft ' Voiume of Solid maferJal. 

i.OO -0.7! =0.29 cu.ft- Vo/ume of i^oids. 

~^=0.4hVo;D5 Rat/O. 

permela^sili tv 

f/MERE: lot^ : d ■* /k A for f/oiv of ivofer /hroufff So//. 

Q = Volume of f/oca in cuft per min. 

k ■■ Coefficient of permeability- for 

uo/ues see Tob/eA. 


A =Areo/n s^. fk of crojs-section under corsioi^rotiar 

^ -dydrouiic Gradieni 


TABLE A-C 0 EFF 1 C 1 ENT 5 OF PERMEAblLITY (k)infi/nnin. for GOT. 


EC- 

IVE 



Poro<itv = ^ 

t 


Jfec- 



Porosity 

_ e 





n-e 


Jtive 



t+e 


UJ 

h4 

lu percent 

32 fierrenl 

34 percent 

36 percent 

18 percent 

40 iierveot 

SIZE. 

42 percent 

1 

44 |)crccnl 

j 46 percent 

j 48 percent 

.'^>0 percent 

0.01. 

u,o:j 

0.0,1 

O.O-i 

0. 00003 

i W li t 1 *i 

0,00004 

0. 00005 

0 000060 

0. 000072 

n. 000085 

1 0.01. 

0 (NNIHII 

0 (HNIIJ.i 

(1. 0(X)I49 

0. (MJOIHI 

n. 00021.5 

ijumo 

• ^ W k C 'J 

. 0003(5 

. 00020 
. 00045 

.000239 
. (KX153K 

.000280 
. 000&45 

. 000.339 
. UOU76:{ 

1 0.02. 
1 0.03. 

.n(Xl4cr. 
.INNI'H 1 

. )X)04y2 
.(MINI 

, 000.597 
. 001.34 

.W>0724 

.00163 

.00086) 

. UUI94 

, (/(X)5o 

. (XM)65 

.00079 

. 0(X)958 

.001145 

.001355 

1 0.04. 

. .18)162 

. 00197 

, 00239 

.00290 

.00344 

0.05. 

0.00 

0.07 

u.os. 

.(K)0«2 

.00118 

.00101 

0C];!4 

.001495 

.001790 

.002120 

1 0.05. 

. U025.3 

.00307 

, 00373 

. 004.52 

. (X)53H 

. (XJI46 

.00178 

. 002150 

. 002580 

. U03050 

1 0.06 

. t8».364 

, (K)442 

.00537 

. (X)6.52 

. 0077,5 

. U0M)l 

i fti 1 1 

.00198 

. 00241 

. iK)2y30 

.003510 

. 004 1 55 

1 0.07. 

.00496 

.00602 

. tX)732 

,00887 

.0105 

. 00211 

.00259 

.<X)2I8 

. (4J3825 

.004585 

. 00.5425 

1 0.08. 

.00647 

.00787 

.00956 

.0116 

.0138 

0.0‘J. 

o.io. 

0.12 

o.u. 

.00265 

.00328 

.00402 

, rt>4845 

.005800 

.006860 

1 0 09. 

.00820 

.00995 

.0121 

.0147 

. 0174 

. 00328 

. 00405 

.01M96 

. 005980 

. 007170 

. 008480 

1 0 :o. 

.0101 

.0123 

.0149 

.0181 

.0215 

.004/1 

. 005H1 

.00713 

008620 

.01012 

.01220 

1 0.12. 

.0146 

.017/ 

.0215 

,0261 

.0310 

. 0064,1 

, 00794 

. 00972 

,01172 

.01404 

.01662 

1 0.14. 

.0198 

.0241 

. 029.3 

. 035.5 

. 0422 

0,15 

0.10 
it 1 u 

.00739 

.00912 

.01115 

.01345 

0161 1 

.01910 

1 0. 15. 

.0228 

.0277 

.0336 

.0407 

.0484 

. t)0841 

.01036 

,01268 

Oirvli 

. 0 1 835 

.02170 

1 U.I6 

. 0259 

.0315 

. 0382 

.(M63 

.05s5l 

0, lo 

0 20 

U 25. 

. 010(i4 

.01111 

,01605 

.01940 

. 02.120 

. 02745 

1 0.18. 

. 0328 

.0398 

.0484 

.0.586 

. 0697 

. 01315 

.0162 

.01983 

. 02390 

. 0286.5 

.03390 

1 0.20. 

. 0405 

.0492 

. 0597 

.0724 

. 0861 

0.10 

U,35 

.020 , 

.0253 

.03100 

. 03740 

. 04480 

.05300 

1 0.25. 

.0632 

. 07/18 

.0933 

. 113 

. 134 

. 029i> 

. U364 

.04460 

. 0.5380 

, 06450 

. 07630 

0.30. 

.0911 

. Ill 

. 134 

. Itvl ' 

. 194 

. 1)403 

.0490 

.0608 

. 07;«0 

.08790 

. 1039 

1 035 

. 124 

. 151 

. 18.3 

. 222 

. 2/H 

U.iO 

. 052/ 

.0/548 

,07940 

. 09,57,5 

. 1145 

. 13.55 

1 C.4U 

. 162 

. 197 

.239 

.290 

. 344 

i) 4.S 

. 0605 

.0820 

. 1005 

. 1211 

. 1450 

. 1718 

0.45 

.205 

.249 

. 302 

. 3/V. 

436 

0. oO 

. 0«22 

. 1012 

. 1240 

. 149.5 

. 1 780 

. 2120 

0..50 

.253 

.307 

, ,373 

. 4.52 

SUH 

0.55 

. 0994 

, 1225 

. 1500 

. 1810 

. 2165 


0.5.5 

.306 

.372 

.452 

. 547 


0.<iU 

. U82 

. 14.58 

. 1784 

. 2150 

.2.5.80 

. 1050 

0.00. 

.364 

.442 

.537 

./k52 

• m 

. 77.5 

0.55 

0,70. 

A A P 

. 1390 

. 1710 

.2095 

.2.530 

.3030 

. 1580 

0.65 

. 428 

.519 

.6:11 

. 765 

. 909 

. 1610 

. 1981 

. 24,30 

.2930 

.3510 

. 4 1 55 

0.70 

.496 

.602 

. 732 

,887 

1 0.5 

I 21 

I. 38 

0.75 

. 1850 

, 2278 

. 27«.5 

. 3365 

. 4030 

. 4770 

0.75 

569 

.691 

840 

1.02 

O.»0. 

. 2105 

. 2590 

. 3 1 7:. 

. 3825 

. 4.585 

. .5425 

0.80. 

.648 

.787 

.9.56 

1. 16 

0,»5 

. 2375 

. 2925 

. 3580 

. 4325 

. 5175 

. 6125 

0.85, 

731 

. 888 

1 08 

1 31 

1 . .5.5 

1 74 
' 94 

2. 15 

o.yo 

. 2660 

. 3280 

.4018 

. 4845 

. .5800 

. 6860 

U.90 

820 

.99.5 

1. 21 

1 47 

95 

. 2965 

. 36.50 

. 44 lO 

. .5400 

. /;4/)0 

- 7650 

0.95 

.913 

]. 1) 

1.35 

1 . 63 1 

1 .00. 

.3282 

.40,50 

. 41H>(I 

. ,5880 

. 7170 

.8480 

1.00. 

1.01 

1. 23 

1. 49 

1.81 1 

2.00 

1.31,5 

1.620 

1 983 

2. 190 

2 805 

1. 390 

2.00 

4 05 

4.92 

5 97 

7 2/ ' 

8 61 

19 4 

MM 

2. WK) 

1. (»4I) 

4 460 

.5. 381) 

6, 4.5t) 

7. 630 

3.00 

9. 11 

11. 1 

13 4 

Ifi 3 

4 OO 

,5. 270 

6 480 

7 94(1 

9 .57.5 

II 4.5 1 

13 .55 

4.00 

16 2 

19 7 

2 .3 9 

2V II 

'U i 

5.00 

H. 220 

10. 12 1 

12 40 

14 95 

17 90 

21 20 

5.00. 

25 3 

30 7 

4 

37 .3 

4.5 2 

53 H 


TABLE B- 
TEMPERATURE 
CORRECTIONS 
TO TABLE A. 

Sec below "for 

use o-F table. 


TEMP. 

IN^F. 


t 


.32 

0 64 

35 

, 87 

40 

. 73 

4,5 

80 

50 

. 86 

55 

0 93 

60 

1 UU 

65 

1 08 

70 

1 15 

75 

1 23 

80 

1 30 

8.5 

1 39 

90 

1 47 

9.5 

1 .55 

KM) 

i M 


Use of Tot>/e & :- 
/f femp^roi^ure /s o^h 

bi/ uo/t/e- of 2^c 


^hary GO^ F. ^ rr7<j//-/p/y A: i/a/c/c /r? fab/e^ A 

opfi/jOob/e fGrr7jOcr(y/cf/'G /ry 7hb/c 


Ado p fed from Loyu dams bp fed/anaf fesounce.^ Comm/ f fee 
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EARTHWORK 


COMPUTATIONS 


/ ' / y / / 


V-'//, 




r ind area hy p/onimefer or by counfing 
sguores on cross section popen 

IRREGULAP. SECT IONS, 

^ ^ 

di 



/ireo - c(bi Sc) ^ Luhere^S = ^ •S/ope, 

level sect ions. 




.1 




•' / y . 


'' / 




'//// 


METHOD I 1 ^ 

Area-. c±di^dt) + hr) 

three LE^FI 5 


^ METHOD U 

^here ^ = Areo of Grade Triangle. 


I -■ ' ' ^ oECTIONS. d -'/,k 

fig. A - METHODS OF FINDING AREAS. ^ ~ % 

/. By Average ^rros'-. ,,o,umr In cutic ycrds . . X , .. 

Sefu^een section A. end A.. Compute end areas as indicated in Fig. A adeve. 
Use Table A, pg.3-5ia2l, a/so see example page 3-3L 

2.5g Pr/smoida! Formula: Uo/ume in cubic yards * + ^ /^ / ^ 

^ /h fee/ be/u^een sections Ap and A, , Af-.areo a/^seefion '"midujau 

befoueen section Ap and A,. ^ 

3. Us/ng Pr/smoidoi Corrections : Subtract i/oiame in Tab/e A page 3-3b from 

uo ume found using Average End Areas method. 

i To find volume of ercovoficn on curves use average end area metnad uvitd 

computed simHang. 


FIG. A - METHODS OF FINDING ARFA.S 


vy 


m 


rrj 


Center of Oravt fy 
of excoifafion. 


t-- Distance befeen centers of . 
gravity of adjacent sections. -J 
Locate e.g as shooan on 3 
/eft - p/ot "e ‘on p ion and ^ 

scale I' a/on g curve as ^ 

indicated at right. J 


'Lr 



JIG. B - METHODS OF 

^'9hudai, Depar/menis 
Mecammended for roods and oirnnntg 


FINDING VOLUMES. 

and Public Roads Administration 



EARTHWORK - DOUBLE END AREA VOLUMES T 
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FOR SUM OF 

rr— — n_yK OIS TANCE BETWFFm qtatiomf 


END AREAS 

OF 50 FEET* 


I 

I 

I 

I 


I 

I 

I 


AO 

LL 

LI 

13 


1£l 

// 


50 

3Z 

52 

53 

54 

55 

56 

51 
56 

59 

60 
6 / 
62 


46 

AJ. 

AA 

49 

5/ 

TJ 

53 

54 

AA 

56 

56 

57 


10 0\ 93 

10/ 94 

102 94 
lOj 93 
104 ^ 

(05 97 
(06 

1^7 99 
f08 100 
(09 /Of 


5 0 324 400\370\450T477 

'AL2Z5, 40/ 37/ 45/ 4/8 
'52_326_402 312 452~4J9 
53 321 403 373 453 ~4T9 


300 278 J^JiUTT n 

T^Tlf Mill llrl^ 

352\326 402 372 452 4/9 

mm 13^24 ^(?3 28/ 

304 281 35d32^AnA 374 454 4 20 
■^— ML^MX329_ 4.05 '315 T5JT27 


Ot stance'^ 

r- B£rW££N\CONSTANT 

O.AAC.Y. SECT/Of^S\ 

~45o\4/i O' \ . nno n 



^ ( 55 (44 205 
yS (56 /44 206 


^9775774 ^ ^2iy±40A37e 456 422 


I/O 

/// 


//2 y/)yf 




161 1a§ 
/ ^ 7 I / /:a 


2/1 
n / ^ 




^ >• ^ I M A w 


334 




4// 138/ 146/ 427 


4' 

5‘ 

6 ' 

7' 

<3' 

/ /' 


^ 5>56 
^ 74 / 

^926 

~1 (( I 

(29G 
(4 82 
(661 




(7 


(9 


20 



8 



//a 

ME 


((1 (oa\i6i 


9 


((9\(/0 


IfebJiUI 


1691(56 


(70 





1(2 \(7l\l5d 




122\//3\/ 7Z \ (59\277 206 
lJ3\!(4 \(73\(60\223\ia6 


34 


35 


36 


32 




34 


38 




84 


85 


86 


87 


66 


89 


90 


70 


7/ 


72 


73 


74 


75 


76 


77 


76 


79 


60 


( (5 


((6 


//7 


(73\(60 


(SI 



HggEHa 



127\{ (6 \ I11 \ I64. 
I26\/ (3 \l7a\l65 


(76 



203 \ 269 \ 249 \3l9 
220 [^204 210 25 


205X27 (\25( 


252 


273 


2 74 


206\275\255 


226 


294 


294 





3 


369 



'I 






JI9 


( 2 / 


iMES^kWm 


2/0 


211 

/ 79 1/6672251272 



25i 

30/ 

mm 

02\ 


466 


4/7 366 467\432 
4! \4/a 367 46d\433 
2^4/9 368 469 434 
310\348 420 389 470 433 
37 ! 344 42/ 390 47/ 436 

372 344 422 39/ 472 437 

373 \343 \423 l392|473L^38 


. , , 439 

347 \425 394 473 440 
46 \4 26 \ 394X476144 / 


I5‘ 


/ 6 ' 


U' 


3(46 



2/' 





24’ 


25' 


26' 


278 



167 


(81 (68 





258 


25 




(83 






82 


I34\(24 1/34 (70 


(25\(d5 





(26 Tgg (72 12361 
( 37\(27 (87 (73 
~8\(28\l88\(74 


(72 


8 


(39 (29 


41 


42 




64 


44 


5 


4f 


2 




43 


92 


93 


94 


95 


96 




(40 (30XJ90 


L4( (3! 1/5/ 


(42 131 


235\2(a\2 


21 9 U 


2/9 


220 

9\(75\23 9\22( 


304 13 76 


105J379\S5I 

30 

2/4\28J\260X33(\30 


2 26( \ 332 

2I6\2S3\262 


2 


264 






m 

r- 




Vfl Wi 


308 


3 


3/0 








m 





222X290 


223 


266X337 


261 


268X339 



3 


3/3 \3d 


389 







26 



(43 


(44 133 


134 


(92\(76\24 7\224 292 270 

/93\(79 I 243 I 225 I 293 I 27 / 134313/a 


i 


m 


3961478 1 443 
4291397 /lie 4.0. A 
4-30 398 480 444 


43/1399 148/ 


2 400X482144 
3551433140/ \483 447 


402 


403 14851449 


3 


437 405 437 45/ 
3 59\43a 40e, 488 452 
6 o\439\406\463\453 








3839 


4.074 


4259 


4445 


4630 


48/5 


5000 



5370 


5556 


574 ! 


6 / / / 


35' 



60 


36/ 




6667 


7037 



St/-#. 


(46 


48 


49 


44 



98 


99 


90 


9( 


92 


93 



(47\(36X/97\(d2 


(48 



(94\Ja0 \244 226 1 294 


245 


24 


229 




IbkfciWigJggl 


/a( 





/9S 


199 





296 


297 






46 


47 





365 



490 

4 / |3/6 [39/ 1362 \4dl \408\49T \A(9 A 

42 \3/7 13921363 1442 409X492 456 


4/0X493 


4/ / 1494 









39' 


40' 


4!' 


42' 


3' 


44 



74 08 


1593 


1116 


7963 






m 

\44 

9 

4/3 


66 

Mm 

4/4 

SHE 

6 



! 30\l39\200\ 185X250X23 /\ 

2000=1852 3000=2778 

1 ^5n8areo2 p . 


248 230\2m276 1348 322 1398136 9 X^dBl4 

249 23/ X 29912771349 3231399 369 



11 

0' 


.6889 


»mr*\ 


End area, 




-' ,000 ' ^^oo% 'fST ‘ ' 

Ground surface -I /- £ndareo 2 c , , ^ -* 

> ^£ 2 rn^^rGiv^:EndArea‘ 97 s(}.ff.EnQArea 2 = / 2 QS(i.fl., 7 t 5 o'. 

S&QuJred: Cubic yards between sections. Solution : DA =91 + 120 = 

D.A. column and to right of 2/7 fjnd C. Y= 20 ! m 

C.Y. column. 

(^End^, ^ ■ P^9e3-52 for D.A. of from 500 to ,000 Cu uds 

, , , / , . . 2 ; On+en- D.A.-- 275isq.ft., I . 5 o\ Required -rnh/c 

75/"lf;/-’ 

P 5 47 Cubfc yards ^ Therefore cubic yards for D.A of 275 ! sq.ft = i 852 tG 35 = 

^pj^: When "t'is less than 50 '. Qimo: D.A.- = 37 : Required: C.Y. between sections 

-=^d on overag. enoareo fornoolo. »ot os ocouro,. oi poiso,o,0ol for^To to" fJccSSL A “ 
usoo, f,e,0 n,easuromoMs oorronf. Spocfiod for po,jmonf ouontHies bo mos* itofe H,ghr,oy D%tl 
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EARTHWORK -DOUBLE END AREA VOLUMES-2 


TABLE A- CUBIC YARDS FOR SUM OF END AREAS 
FOR DISTANCE BETWEEN STATIONS OF 50 FEET* 


= 5cv f 





ore os r s 



553 5 r 


D.A. 

C.Y 

650 

G02 

G5i 

G03 

G52 

G04 






aorej^e et( Double 


D.A. 


£94\SOO 


801 


Z\(;SO\ 752\€9Q\ 802 


100 (246 


701 




G04, 559\G54\ €0G 




55c 5;5 



609 


607 


561 


562 



555 5n 




5c/ 5 '5 



*^0 ^ *1 / 


564 522 



56c 524 



5:9 43 \5S5 527 


520 48115^0 528 


6CS 


6.0 


^ , 
to » / . 


6i2 ' 


6.5. 


6\4 


6/5 ■ 


6 ! 6 

L 


6.7' 


6 /S' 


6j9 


620i 


564 


565 


566 


567 


56S 


569 


569 


570 


57! 


572 


573 


574 


6561607 


J57, 605 


65d\ 609 


659 6f0 


66b6ll 


703 65! I 753 697\d03 


104 652 754 


804 


105 6S3\ 755 699\80S 


806 


Y 

71 






79! 


792 



<Z£3\6/4 



706 654 \ 756 


707 655 1 757\ 70! 1 8 


758 702\808 


75917031809 


7601 70413/0 


705 8// 


7/Z 659 762 706\dl2 


7/3 6601763 


7/4 66/ 








666 Q!i 


6/8 




a/3 


d/4 


703 3 /5 


709 






522 483 



5?4 485 


525 456 


526 48^ 


521 488 


528 4 89 


529 490 


530 491 


53/ 492 


532 493 


533 494 


534 494 


535 495 


536. 49G 


53^ 497 


538 493 


539 499 


540 500 


5 "2 530 


573 531 


574 53! 


575 532 


5 76 533 


622 


623 


624 


576 



578 




578.535 


579 536 


580 537 


03/ ' 538 


630 \ 58 





632 


533 1 540 




585 542 


58 6 543 


5 3 7 544 


588 544 


656 


637 






542 502 \ 597 ^48 

543 503\J95~S49 


594 . 550 


545 505 


546 506 


547 50< 


543, 5C'> 


5431 503 


639 


640 


64/ 


642 



6 70 ' 620 


67/ 62/ 


672 622 


673 623 


674 624 


675 625 


676- 626 


671. 627 


678 628 


Q-rS 629 


680 630 










\G8I 

G3/ 


[634 

633 

Gd5 

GS4 





G3G 


G38 




593 






7/6 663 


7/7 6641767 7/0 


7/8 665 768 lH 8/8 
7/9 666 769 7/2 8/9 


720 667\ 110 7/3 \S20 


72) 668\77/ 


82/ 


7/5 1322 


323 


723 669 


724 670 \ 174 


725 67/ 775 7/8 


726 672rrT6 7/9\826 
~1Z7 613\iyo\ 7/9 821 


720X328 


72/\ &29 

730\ 676\780\ 722 


78/ 723\83/ 


732 724 1832 


725 


726 1 834 


72 7 335 


86 7231 836 
737' 6821 787 729 


^38 633 733 7^838 
739 684\ 739\ 73/|<5i9 


840 


84/ 


642 


? End Area] 


C.Y. \D.A. C.Y 


74/ [850 787 


74 2 [85 / 1 788 


743 [852 189 


744 55J 


144 


745 


746 [856 793 


857 794 


743[858 794 


749[359\ 795 


750 [3601 796 


86/ 797 


752 862 798 


753X66 3 799 


7 54 [664 800 


755 865 80/ 


'56X667 803 


757 [6 66 804 


758 [869 8 


75 9 [370 306 


87/ 306 


76/ [872 807 


762 [373 


874 809 


164 






900 <9i3 


90/ [834 


902 


903 [836 


904 337 


905 


906 339 


907 340 


906 


909[342 


9/0[843 


9// 844 


9/2 344 


9/3 845 


C.Y 


880 


881 


831 


D! STANCE 
3£riVf£N 
CT/ONS 





EEDEH^ 









341 


348 


9/1 


S/S\350 


5/3 


920 352 


92/ 353 


922 354 











924 [356 


856 






15 / 












Gd! 


73 G G3/ 



utMum 




740 (g85 


14/ G3G 


142 G31 


143 GSai 1$3 


744 i G8 9 


745 : G SO 






7351544 




846 

747' 692[ 7571 733 
748, 693[ 793 759[848 

99 



766 


768[879 


769[880 8/5 


769 


770\882 817 


77/ [883 


8/9 


885 


7 74 836 


776[8aa 822 


777\6a9 823 


77d\d90[d24 


325 

730 \ 3921 326 


393 827 


78/ 


782X395 829 


783 1 896 


784\a97 851 







928 859 


360 


930 361 


952[865 


864 


954 


955 866 


867 


937 863 


958 869 


939 


940[870 





954 


955 884 


956 


886 


837 


95 9 [883 


889 


961 [390 


962[891 


965[892 


695 


894 


894 


895 


963 [3 96 


970[898 


971 899 


972 900 


975 sot 


974 902 


975 


976 [904 


9771905 


978 


979 906 


960 907 


908 


909 


933 91 0 


9d4[9/l 


935 


936 915 


967 914 


988 


9/6 


990 5/7 


99/ [9/8 












945 [3751 993 


944 874 [994 


5 875[99S 92! 


8761996 


377 997 


948[373X998 






5 


£ 


7 


8 


9 

lo- 


ll 


12 


13 


14 


15 


16 


H 


19 


20 


^/ 




23 


24 


25 


26 


27 


28 


29 


30 



32 


33 


54 


35 


36 


57 


38 


39 


40 


4/ 


42 


43 


44 





CONSTANT 


0.0135 


0. 0370 


0. 0556 


0.074/ 


0.0926 


0. //II 


0. / 296 


0. 1482 




0.1852 


0.2037 


0.2222 


0. 2401 


0. 2593 


0.2778 


0.2963 


0.3/48 


0. 3333 


0.35/9 


0. 3 704 


0.3889 


0.4074 


0.4259 


0. 4445 


0.4630 


0.48/5 


0. 5000 


0.5/85 


0. 53 10 


0.5556 


0.574/ 


0.5926 


0.6/ / / 


0. 6 296 


0.6482 


0.6661 


0. 6852 


0. 703 7 


0.7222 


0.7408 


0.7593 


0.7718 


0.7965 


0. 8148 


0. 8333 


0.85/5 


0. 8 704 


0.8889 


0.907^ 





































































































































































































































































































































































































































EARTHWORK - PRISMOIDAL CORRECTIONS 


3-33 


TABLE PRISMOIDAL r.QRPFrT 


Cl - c, = 

I 

Di - Dj 


0.1 

0.03 

0.2 

0.06 

0.3 

0.09 

0.4 

0. 12 

0.5 

0.15 

0.6 

0.19 

0.7 

0.22 

0.8 

0.25 

0.9 

0.28 

1.0 

0.31 

1.1 

0.34 

12 

0.37 

1.3 

0.40 

1.4 

0.43 

1.5 

0.46 

1.6 

0,49 

1.7 

0.52 

1.8 

0. 56 

1.9 

0.59 

2.0 

0.62 

2 1 

0,65 

2 2 

0 68 

2 3 

0.71 

2.4 

0, 74 

2.5 

0.77 

2 6 

0.80 

2.7 

0.83 

2 8 

0. 86 

2 9 

0.90 

3.0 

0.93 

3 1 

0.96 

3.2 

0.99 

3 3 

1 02 

3 4 

1.05 

3 5 

1 08 

3 6 

1. 11 

3 7 

1 14 

3 8 

1 17 

3 9 

1.20 

4 0 

1.23 

4.1 

1.27 

4 2 

1.30 

4 3 

1. 33 

4 4 

1,36 

4.5 

1.39 

4 6 

1.42 

4 7 

1.45 

4 8 

i.48 

4 9 

1.51 

5.0 

1.54 

C, - c, = 

1 


FOR L =100 ' stations: 


\ 


\ 


\ 


\ 


5.56 


\ 


\ 


\ 






Dz 




0 




9. 94 
10 15 
10.37 
10 50 
10 80 


10 12 

10 37 
10 62 
10 86 
II. 11 

11 36 
II 60 

11 8S 

12 10 
12 35 


8 


10 00 
10 28 
10. 56 

10 83 

11 II 


12 78 

13 06 
13 33 
13 61 
13 89 


c, -c, 


1 


12 04 
IJ 19 


Ih 8.^ 


9 88 I 


i: "iO 


t I 


10 62 
10 74 
U) 86 

10 99 

11 11 


S 62 
5 68 
S 74 

5 80 ! 8 70 1 1 60 
8 80 .' 1 1 7 .1 


8 43 !ll 21 
8 52 Ml 36 
8 61 h 1 48 


18 58 
18 80 

19 01 

19 2 ? 
19 44 


I <1 1 


1 1 


47 


5 86 


8 89 


11 85 


c, - c 


8 98 11 98 

9 07 12 10 

9 17 |12 22 
9 26 .12 35 


59 


> T / ■> ’ 


8 


S( 0, are shouun for a fhree level 
5 ecf/on. !/ olume by /Iverage End Area ± Prismoidal 
Correction = Volume by Prismoidal Formula. 
PVhen(Ci-c,){D 2 -D,) is F, subtract correction. 
E)/hen( 'rctXDz'd,) is - , odd correction. 


b./ 


Irregular Sections ore generally 
treated the some as three level sections. 

Q ^ RcjgjAr^-- Pr/smo/c/<./ Correa^^Jon 

•' ('/ ~ ^2 = 4 , ^t ~D 2 dnhen foS/e C7S vn o'/co /eeP j reoc/ CorrccF/oD - 

' ^<) - ■4)038 -130) - -h .Subfrocf Correch'on Sron^ Sy /ttvr. .yfaV/rod. 


* Vida pied From /American Civil Engineers Handbook bg Merriman S IHiggin. 


4 

1, 

" 5 

6 

7 

1 3 

9 

\ 

6 30 

7 87 

9 44 

11 02 

12 59 

14 17 

6 42 

8 02 

9 63 

11 21 

12.84 1 

14 44 

6 54 

8 18 

9 81 

1 1 45 

13 09 1 

14 72 

6 67 

1 8 ,11 
^ 8 49 

10 00 

1 I 67 

! 13 11 1 

15 00 

6. 79^ 

10. 19 

11.88 

13 58 

IS 28 

6 9! 

8 64 

10 .17 

12 10 

1 3 83 ^ 

15 S6 

7.04 

8 80 

10 56 

12 .11 

14 07 I 

1 5 83 

7 16 

8 95 

10 74 

12 S3 

14 12 

16 1 1 

7 28 

9 10 

10 93 

12 7> 1 

14 5 7 

16 39 

7.41^ 

9.26 

1 

11.11 j 

1 1 .30 

12 96 

14 81 ' 

1 

16 67 

7 53 

9 4! 

j 

13 1.8 

4 5 06 ’ 

16 94 

7 65 

9 57 

! 1 1 48 1 

1.1 40 ' 

15 .11 , 

17 22 

7, 78 

9 7 2 

11 67 

1 1 61 

1 N '6 

17 50 

7 90 

9 88 

11 8' 1 

15 8.1 

15 8u ' 

17 78 

8.02T 

10 03 

12 04 j 

14 04 ' 

j 

10 05 ■ 

18 06 

8 15 

10 19 

I'll* 

1 . . . 1 

14 26 

16 10 * 

18 35 

8 2 7 

10 U 

12 41 1 

14 48 , 

16 54 

18 61 

8 40 

10 49 

1 2 59 1 

1 

14 69 ' 

16 79 

18 39 

8.641 

10 6 .5 

12 78 

1 4 91 

17 1)4 ' 

19 17 

10 80 

10 96 ; 

12 90 1 

1.' 12 

1 

17 28 

19 44 

8 77 . 

1 

11 1 ; 

1' ,14 

!' 51 

19 72 

8 89 , 

Hill 

11 U 

1*; '6 

17 -8 

20 OO 

9 01 j 

11 2 7 I 

1 1 42 

M >1 

15:; 

18 02 

20 28 

9 14 ^ 
9 26* 

1 3 70 , 

1 5 99 

18 2' 

20 56 

11 57 

13 89 

1 

16 20 

18 52 

20 83 

9 18 1 
n ( ( 

11 73 

11 O 1) 

14 07 

« i \ A 

16 4 2 ' 

i ^ ^ A 

18 77 

21 11 


,4 /V;'',‘4jpc' D/AQf^AM is a graphical so/uh'on of mo^em^ni of earfh , or "haul" , 

olcrlea on cross- srchon paper ada^'e or Pe/oiv a profile of a road or railroad a! Ihe 

isame ^^o'-.^ontai sca/e . tv/ih slations on Ihe profile projeded on Ihe diagram . fach shUon 

:s assumed fo be ihe cenber of gradly of a volume of earbh exfending SO' on eHher side 

ana Ibe volumes for the siahons are firs! compuled , being plus and fill minus . Ord/n- 

Jteb or tfe mass a:agram are^ cumulative algebraic sums of slal/on volumes from the pom! 

o'- beginning . ^ A! sbafions /n fiH if is cushmary bo make an a//o^^vance for shrinkage of earth 

or sv'shmg or /edge rock ivhich is computed as a percentage of the material mvo/Ved 

ars addea algebraicahg fo the ordinate . Ordinates at station points are connected 
by a smootn- curve , completing the mass diagram 

A A 1A 3S D/A (ji^AArl is used — 

fa determine v'olurne location and distances of haul and " overhaul " and 
*hcis 9Srifnofe cost of . 

to plan ecrihv/ork economically wUh respect to disposition of f/// , /ocat^ 

ton o; borroH/ and waste , limits of profitable haul and points where 
borrow and ydaste are economical: 

to determine the most efficient type of construction equipment . 

ro i^ahnce cut and />// m design of vertical a/ignment. This balance 

Shou/d be secondary compared to a finished design iVith recommended 
graaes , alignments, clearances , Widths, etc. 


mm 





s 


HU 

1^9 



HHI 





















WKi 





MASS DIAGRAM COMPUTATIOM 




iU 


Cut 




CUT 








M^S5 !P1AG 


i Z 3 4 5 G 

STATIONS 

Pl^. a-^xample of 


7 a 


fo n 


5TATI0W 

THEoRtTiCAL volume. 

fills 

Plus 

MASS 

DIAQIJAM 

0I2P1NATE 

CUT 

FlUL 

SHeiKUCASt 

Ait.rr5%; 

0 

1 

+ 1 82 



o 


+ I5Z 

2 

+ 78 



+ 260 

3 

- 84- 

- 97 

+ 163 

4 

- \ Z3 

' 1 4i 

22 1 

5 

- 1 07 

- 1 23 

- 1 01 

6 

L- 9^ 

- 1 06 

■ 

-207 1 

7 

^ £4 



- 143 

8 

+ 251 



+ 100 

9 

■t- 332 



+ 4.40 

lO 

287 



4 127 

M 

76 



+ 803 


MA5S DIAGRAM COMSTRUCTION 

allowance of /S % used m above computation . 

^ ^ ^ A ^ . 


^xccfvo /Ja. 


MASS D/AO/fAM 

d\s<ce n c//ry p crcurVe-j- tde n o 

e/-r7Scfir7Az/-r7ASr7i^. ' ” w c, 

CUrva /s /oMi 

The oreQ oaf off bu Hnm ^/Tybc^/yA^rr^e^rrTf 

of fhr hau/ tefcueen ^h<? ^fcuo ^ curve is ^he measure 

diagram is the volume ^bitTeeT^the °f 

ordinates are erected . 
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ROADS -DESIGN CRITERIA S'CLASSIFICATION 


TABLE A - DESIGN CRITERIA^ 


CLASS OF road 

DAILY TRAFFIC 
SEE ^/0TE t BELOW. 


Surfo C“e c/ W/c//-h 


A A 

OVER 

20,000 

^ - 3G’ 


Shoo/c^er-s . 

Af/r) i rr> L/rr-> 

o /■ l\'a, 


;o' 

200 ' 


A 

A.OOO TO 

20,000 

2 - 2J.' 

Poveme n/s 

See M}/e2hA 

10 ' 

SfobiZ/i, ec/ 

125 ' 


B 

750 TO 
4,000 

2-ir or 12’ 

L ones 

3 ' io io' 
loo ' 


c D E,F &rG 

500 TO UNDER E = 200 MAX, 

750 300 ^ " 

G = 50 " 

2-ll'on 12' 2-JO'/oJ2’ 20' Min. 

lanes lanes 

<o M/n / m u rr7 I 4 ' M/n/rr7i//77 

& Pre fc-rred S'Pre/e/-/-fid. 


D 

UNDER 

300 


4 ' M/n/rmi/7? 

S Pre /erred. 


/oo 


/oo' 





Moxr m a rr-f 

//ori;^or7/o/ CVry /e 

M/n/rn, 5 jp/>/ PJs/* 
See A^o/e J b&/o^. 

Ai ox / rT7c/m 

Grad/e/y 
C////m a/e 

Povemen/i 


GO io 10 0 M.P.H. 


50 lo 75 M.P. H. 


30 io So M.P.M. 


lOOO' 


lOOO' 


300 ' 


5ji/or /rz/cits orrnixed iroff/'c ff 
procnco6/e , 3% or G%> alsoluie /nox/m. 

H/gA ^ype ; Rigid 
3ifam/noc/.s or 3/oci:. 


500' 

6% 


Goo' 

6% 


5° h 24 


500' 


in/ermed/oT^e orlotv I \5/aA///jed ar 

3 //arT 7 /r?ocis or TP/r^ P/^/d Trea/^ed 


C/ear iA//cdi^h 
3 /r u c/ures 

Over Span , 


Mtn. 


IB" 


- •• • ' • • 

• • . • 5* i- 


C/eor M//c//d 


Appraaah Pavemen/-h 4 ' /t7 <S ’ dor C/ass AA, A or £> > 

Approach Pave/ner?/ -f- 4 'or 24'jl/ih./brChj CS,£,for G' N 

i A • ■ Curb-, i. n 

'CR05S SECTION AT BRIDGE OR STRUCTUREV' ' 

iX/d/Z? Oflproocb pooe/t^a</ corr/ltcA acrojig j’/rt/c/c/rc. 


'hot/> 


Poverrter}/ 


'ShoardT? 


50 rnfj^s pen hour 


C/r? dan 20' Spern^ 

, ^.J CROSS SEC TION AT CULVERT. 

7* 7A/5 JS jy dap leef from Mte 4.A.5.P.O. Class iP/aa/ion of roads ^/Ih 

Class /A added /or sac/ roads osT/rU^ags, MaP/-lar,e Pork ja ays, Preei^ays, Inler- 
regjona/pgh^ogs, Express HtgAx^aas, eic. C/oss A A roads rcyaire special s/ady in eacA c^sc 
More 2. TAree /ann roods ore r?o/ recorrr mende d /or / 7 e/v cons/rac/lon . 

Mole 3 . Passing sigA A dxslonoe per ToA/e C Pg. 5 -Go sAoWd Ae prodded os /reoaenlla 

as /oca/ Cona /r/a jas perr7-r/ /‘t ^ ^ 


TABLE B- CLASSIFICATION BY TRAFFIC DENSITY. TRAFFIC CHARACTER d' DESIGN SPEE D*.* 

TRAFFIC DEMSITY | | TRAFFIC CHARACTER I I DESIFiKJ f^PFFn ^ 

Traffic denst/y Is defined as ihe 
overage of fhe ptohobJe max/mum 
hourly /raff/c of several peak days- 
The dally iraffic is appro yin? ofely 
10 //mes /he /nox/mt/rrf hour/y /rafffc • 

On imporfonf roads fhe mox/rm/m C/ass T* requires wide 7C » " « 

and overage dolly frof//c sAoold M/de shoal ders, Assumed desian saeed 

be ascerlomed by IroFf/c s/udies. /Mr grades , h,gh /ype /smox. llei/orn? speed adophsd 
1 \P^^^^c/7r <g s/ah/e base^ by /he Fas /er group of drivers. 

Example o/ A.A-S.H. O. C/assi/iao/io r, : ’lOOO M do’ rhd/co/es ohighivoy 0/7 juP/ch 

fOOO Feh/cles 0/ m/xed /ra//i a ore occornmodoled per Jreor ol on assivmetd 
design spe&d o,f So rr?//es per hoern^ 

*^Ses/yr7 Cr/fer/a represanfaf/yG ojf rnoder/y s/oadards as reaa^/nandad by The Pub //c 
/^oads ^dm/n. Pmer/han Pssac/af/bn af^Sfafe ///pfuvay Opf/c/Ws /^4A 5.P^O.), Mj/./n/er- 

rep/ono/ ///pAtvay Comnn. one/ Sfnfe jd/pSrvca^ Se/o on/men/s. 

Adapl&d from (D. ^ 


■p" 

Passenger Predom/na/yf. 

• TV 

dumber of f rucks 
ohnormal/y h/gh» 

"M" 

M/'xed Froff/c, 





3 - 4-2 


ROADS -CLASSIFIED 


bY TRAFFIC 


LANES 


2^ mint mum - ffaf or rotfing 

20 mini mum ~ mountainous 
4' minimum 10* to /4' 

S' preferred Surfaced Wrdlh 


ooraptjc/. 


4' minimum 
S* preferred. 




, 8’ to 10’ 

Shoulder 


3G' to 44' 

20' to 24’ 

SunfacGd \ W/d th 


^ 6'tofO' 
Shou/der 



TWO LANE HIGHW/^Y 


5URFf^CED 

Clas s of Road 
Type oP Traffic 
Speed 30-4-0 m.p.h, 7j 
" ^O-GO m.p. />. 


GO-10 m.p. h. 


WIDTH REQUIRED 

"E" and "D" I ""7^ 


'M- 


C" and "B" 




'P 


M" I "T" 


?0' 

20' 

22' 

22' 

22' 

??' 

22' 

22' 

?r 

24.' 



- -<5-7o IO' 

5 ho u/c^er 


s \ • O’ 
^ . C * - 




43'toSG* 
33'to3<B* ~ 

Paved Width 


S'lo tO' 
S houlden 


o * 

• . . 

L ' • - *0 


• ’ A . • 


THREE LANE Hir-iHWAY * ^ 

Cfass of Road: "A" only 

r-*^ pt^s median stfio ayt' / / 

A'4 /n' on' oa' V *‘1^ V ^ j J^J.PA,i._rned f an S trip . 

Paved. ^ *; 

on 24 Paved f 8 tofO 




ted. 


four lane highway * ^ 

HDI ^- c/azs of Road: " A ". 


XV M.n . 
S-W. ^^‘'foce.d 

- ^ / _5 e^ice . 

road 


ip min, each lo rn 

Paved * 


/u 


irmin. each fan 
Paved 


Surfaced 


S.d. 


Through traffic ' median through trdffic 

-Multi plane '’ parkway 

C/oss O P Hooed ; "A A". 


Service 

road 




o/ MoorV • A A 

,^o„, ^ S° Z°.\ *°. 


T/pe.j- 



ROADS 


TYPICAL SECTIONS-! 


3 - 45 


Shou/der 

~(>own 


Traffic 


Lanes 


Shoulder 



NATURAL 


SOIL 


CLASS OF ROA a 


’F" and "6 


// 


"E'\ T'-an^ 


// 


"E", y and "G 




E", T" and "G 

ND C/rAV" 


"E", T" and "G" 


(^ade d and drained. Crotvned 2 per fo ot and drainage ditches proi^ided. 


Surfac e treated wjfh road oi !, bttum. material or calcium ch/oride. ^ 
/ to 2 of gravel, shells, c/nders or stone worked into surface bu traffic 


^dy or gravelly soils combined with si dg o r day soils and stabilized mechanical lu. 
^abihzed with cement, chlorides, asphalts^ tars or ^inso! resin 


Shoulder 




Traffic 


Lanes 




. c,: ' p •> •■,‘= 

^ ^ ^ ^ • O O . » 


• • 


Shoulder 


Feaiher 


Type 





Trench Type 


LOW TYPE 


CLASS OF ROAD 

"r*" "n" "r”* ^ 

C , £ or F 


r >/ "r* 

, D , E or F 

''SAND CLAY' 


'r " 

C or D 


90 


6 of selected soil stabilized with Portland 

^ment btt uminous material or calcium chh 


6'to JO' of gravel, sand- cJay, topsoil.' iime- rock, 

call Che, scor la, shells, chert, shale, slag or cinders. 


^ to 10 " of traffic-bound macadam. 
■4 to 6" of water-bound macadam. 


SURFACE TREATMENT 


Bituminous. 


R oad oil, calcium chloride 

or bituminous 


Bituminous. 


Shoulder 



CroiA/n 

ifof:FO 


Traffic 


Lanes 


Shoulder 



Feather Edge 
Base 


INTERMEDIATE TYPE- BITUMINOUS 


Base 


CLASS OF ROAD 




r and "E" 


'C" and "D" 


2-^" mixed- in -place ( Road -Mix ). 

^ j // * . . — 




' low cost plant- mix or pre-mix. 


and "D" 


4' to 6“ of san d- asphalt. 


"B' and "C 


3" bitum. penetration macadam. 


“C" and "D 


9 i 


"B" and "C" 


"B" and 'C 


/X 


"B" and "C 


ll bituminous pavement-. 

/j to 22 bituminous pavemen-f-. 
//' natural rock asp ha it. 




2^' bitum. penetration macadam 


6 or more of compacted grave! 


6" crushed gravel 


on 


6 Sand- clay on eguat. 


3" to 6" crushed stone 


6" of stabilized sele cted soil. 
6" cement- treated base. 


6 tod water-bound macadam. 


^ < ♦ _ ^ ^ 

References'. Piyh i^vay Dej-/gn Cams fnuc t/<an Ry xf.G. Lbrcrce. 

pj^j-,tA/ay Prcrch/ce.VaL. f SJH by b./. UVeiA/es 


dT Telford, broken stone, field stone 


3-44 


ROADS 


TYPICAL 5ECTION5-2 


. Shoulder 
Cro 


Traffic 



r-1 


: r - ■■ 


• ^ 


• ^ 


• / •. . c> > 


• • • ^ « • • • • A I ■'■ 

• • • • • « ► • • • • • 


• • • " ► / 




• % • •- 


HIGH TYPE- BITUMINOUS 


CLASS ROAO 


A'’or''3" 

P • T ' or "M" Traffic 


City Streets 
"P: -T- or "M” Traffic 


'A A", i^'ar^ -&" 

'p'\ 'T' or '’M- Traffic 

~"T‘* »a>' w 

A * E> o/^ O 

P"or 'M" Traffic 



WEAf^tNG COURSE BINDER COURSE 


I 2 bit um. concrete //' bifum. concrete 9" to 12" crushed stone 


€" to 5" Portland cem. 
(may be old pgyem enf) 


li sheet _ asphalt /J " asphaltic cone. 
2" b/tam. concrete Omitted 


6" to 8" Portland cem. 


2" bit um. concrete b" bitum. Concrete 12" Gravel 


Shoulder 


Crown 





HIGH TYPE-RIGID ^ 

(PORTUAND CEMENT CONCRETE- PLAIN OR REINFORCED) 

^ I ^ I ryPiCAL LP^TAiLS. ~ 

'r'or'M'Tha%ic ~ 3 '- 3 " r ~^ Center jo/nt with ^'*^ 2 - 6 " tie bars on 2-6" centers. 

— I Dummy groove tronsferse Joints spaced 15' to 2 d with 

ToTm- Traffic - 77 -— loocetZ^t Ton'^" Transverse expansion Joints 

Z ^ spaced 60 to 120 wjthzt>x le dowels on I2"ctrs. Tupica! 

"D-' 5-J 3" 2'-oJ are:- steel on 12" to 24.’ centers- ^6 wir^ 

P A/ Traffc ^es/, o/, 6 " x 12 " ceZ^ers 

cencrefe of 70 0<'PSJ. fle>.aralTPPT7h — 
^ ^ -5ecY/c?/75 of cement bound marry Hr. a ^ 

^ ^ 


CLASS OF ROAD 

t 

e 

F 

"A A', ’A' or' B’ 

7" 

10" 

2-6" 

T or M Traffic 

<S" 

c3" 


"B " or "C " 

6" 

9" 

2’0’‘ 

T or M Traffic 


7" 


"C" or "D” 

"o''- ‘'kj"‘r 

bi" 

3" 

2-0"' 

P or M Traffic f 

6" 

i 

6" 



_Shou Ider 
Crown 

i';/^ 


Trgf f ic 


^ • • * * 
* ' , . --S? • 




• - • • • 




« * • • 


• • : f*.' 


: ; r j. > : 


HIGH 


BLOCK 


material Size 

~ 3" X 4"xai 

' — I • ^ 

Granife ~i7. ~ 

or stone 4 X 3 X 9" 

Asp ha a 2" X 5"x 12' 

^ood ~ ■ 

Ccreosoted) 3 x 4'j^ 

leer: Aspnajt Jn.f.pAute, 

yd XT, W A-m, xm . 


FILLER 

Bituminous 


CUSHION 

^ bitum. 
mastic 


Bituminous T, ' 

or grout Sond 

~£:mu/sif/ed 

osphalf 2 mortc 

~BTuJrnTnous TC~, 

on sand 2 diturr. 

ror/yc?ocf Cement As 
As- ^.< 3 , . 


2 mortar 
/" , • , 


2 bitum. 


6^' to 9" 

Concrete 

~6'' to 3^ 
Concrete 

6" re inf 

Concrete 

^''reinC " 

Concrete 


’To c JO T^/i 


USAGE 

^ity streets. " 

Poods w here economical. 

Heavy duty streets- dock 
^ warehouse districts. 
Bridge fioors and approadje^ 
City streets , 

bridge floors. 

City streets. 


f p. cr. 


ROADS 


OF CROSS-SECTION 


3 - 4.5 


S ; 


K 

1< 

Q: 


Headwoffs^ UfUfiy po/es^ 
signs, mat'/ boxes, bydnjnh, 
p/oced clear of shoulder-^, 

^ I 

Bock slope, vortoile 
2 ^ 0 1 or 3lol preferred. 




°c °t^entror7 shou/ct Ae 

osss&ctjon /n oreoj- j-c/i>ject hs dr/fz/zT^ si-ruciures 4 signs 

R-oadv/QQ wi'ctih pf aeed ouiside ofjaardraii. 


Plhh -7 


^ 'Z^-ttL _^_J dhou/dsr' /- Guard rat/ 

SZai/TJJdd an /b ^ed. Ccnfroshd / 

L Oa/ar J 

.1 CrOwdX^^^^^^ ' - 


^5Hou/derPi/cr 

Paved or Treated, poiper fi. \ iO' m inh^nHs^rmJ^ 

Untreated or Turf, >r fi . ' \''-'^ preferred | n'n'pre ferred \fO'pre f erred ] ' 

■ ^f '2ht_ o_F_ Wat/ Wt'd+h 

Cut anin. ClassW Roadi. 

^ ^ir^- Class -RVC^rD- Roads. 


I 

V 

0 


CROSS - SECTION 


S ' Min, 


^ c A L g ; l"-!0*.O 


^FILL 

5 ££ Figure c . 


Wnfercepliorj ditch 
where needed. 


Origi 


^unf 






Ledyean 

narld rurCr^, 


Pat^aboUc curvet; 


f 


Shoulder 

8'foid 

wide. 


.<3. 


Back sf ope t'n cuts (depends on depih''^^^^t:4^ 
of cut, type of soil, width of /^''^ht of 
Vision oro(jr)d curves , property damooe 

and conservation of trees. Slope shou/d /' 

be at feast /^;I for earth; i:I for /edge W 
f-/ for shale. Use 2:1 or 3:/ s/opes if practicable. 




Varies 


Varies os needed. 

M mi mum 


91 


•Ii ^ 






I ^ Shoulder 
3 Vo fO* wide 

S/ahi/^ad. 


FIG. B- SLOPES IN 

SCALE, ; » I’-O” 

■2' Entr a width at Guardrail. 


CUTS 


.-Je i 

S ub-grade \ 

^ ^chfi/f in /edge cuf^ ^ 

Pilch F P^^ fool-F 

•'Ex cava le ledge rock lo 
a deplh nol less than 
belouj sub^grade. 


7 ^ 

1 


^ *'Pfin. 


-r^ 


H" Greater fhan Q'use 2:1 s lope with yuardraif. 
y Less than G' use 4.:! slope 'no guardrail. 


Ml## 










H-- 

Height of fill 
'Parabolic curve 

; — -fop 4 EoHom. 




Original Surfaced 

Rock Ftlls : If praclicable break rock fo 7* sije. 




FIG.C 


SLOPES IN 

scale: 


Dthch where needed 

FILLS 


i 


.‘ BighiMtyd Des/gr? Fa/ic/es hy A, a . S, >V. o- 


3- 45 


ROADS 




/OO' 




D 


'CP 




D (in degrees) 
Subtends iod of arc 


CIRCULAR CURVES - 

ARC DEFINITION. 

Formulas 

R= 5 J 29 . 5 d 

T- R ton — • T= curve fon A 

L^ Length'- ^ 

M= R (/- cos-^A) 

F=R f7^?^-J); £= 


C = 2 Rsin f 


_ e><t_Fcurve For A 

S 


D 


Example 
Given : 

A = 5d°20'; D- T40‘; R/.-Sta. 125 f 39.63 
Required: 

R; T; L and Sta. of PC. and R T 
Solution: 

R=^^^§^= 747.34' 

A, V 747 34 CO. 5 13 19 5) =363. 53’ 

ji'1^6.41 _ by interpolation tan F curve for A 54" 20‘- 2940 4! 

PC. - sta. 125 + 39. 33 - 383. 53 = Sta 121 + 56 33 
P.T.= Sta. 121+ 56.35 + 708. 70 = Sta. 176 + 65. 05 


DEFINITIONS 

l~ ~ Length oF ci rcu /a r cur\/e 

P. !. = Point of intersection 
PC.- Point of curvature 
PT.= Point of tangency 


3“ 35 . 395' 


/Va395', 4-<fE\TA^27^ 


-_-*2 


DEFLECTlONIg 

Formu/os 

Deflection angle- 4 for /oo’- 4 for 50' etc 
For 'c'feet (in minutes) - 0.3 cD ' 

ongje (in minutes) from RC.to PT -03LD 
Also- Deflection angle (in degrees) from PC. to PT= A 

txafnp!^ ' 2 

Given: 

Required^' ^ P C- Sta. 121 + 56.35; PT=Sta. 726 + 65.05 

So?uFom°'" ^^2 + 00; Sta. 722+50 and RT. Sta. 126 + 65.05 

• 00- PC. sta. 72! + 56. 35 - 43. 65' 

■ ■ ^if, 

Def7ect/on anale to PT 9+n /pSj. nc: n rf -rfJ AO. 395 + 7 55 = 3 35. 

Al<^n- F Z. ■7>~O./2 o+65.05- 0.3 x 708 70 x 77 <»//i' 

Also Deflect ion angle to PT. Sta. 123 + 65.05 = 4= Sdyo 'l J 70 ^7 70 

externals ^ ^ 

Fxamp/e 

Giv-en : 

'^°A0'; R- 747.34' 

Fequjred: 

External 
Sofufion : 

%7!rnafr^^^^^ infenpolafion 

■ f 92 ej^T' ^ 5A^20'- 710 46 


Compound cur ve 
A VO id 


\ 

Reverse curve 
A void 


Broken-back Curve 
Avoid 


MjNIMUM CUR\/ATure ^ 

The curve should be erf ieosf 500 feet 

IOO^+C°'+ ^^9ree^ arc/ marease. 

700 feet m tength for each decrease of 

7 degree in the A. 

Where topography permits, use 
simp/e 0-20 to F- 00' curves tv/thout 

superelevation or widening. 

maximu m CURVATUPg * 

‘absoFuTE 

SPsen m.P.h. maximum maximum 

20 25 

// /4t 

7 9 

5 6 

3 4 


* Fa 


tangent OFFG^T*:^ 1 7 - A 

o/-/-../ ^7:.Tan-,n+7rfFnuF^^ 


r/c r/ 


O' r rV.^ fy 


^/4- o. 


ROADS 


3-47 


CIRCULAR 


CURVES-2 


PJ. 


CHORD definition (R. R rilD\/F) 


5 ub chord 
Oef lection 


tAc 




5a 


I 

^ I 
'^2 2 


7or>. Offset 
Tor). C)ef. 


/ 




D^SO, 

^ S/n 0/2 

T- R- fan 
L--/ 00 ^ 


formulas 

0 . -r _ / _ A 


\ I 


Tan Offsei = 


/ >• V r y 9. ^ ^ ^ “T 

A' / "<wAAi iC 

y n ^ ^ :>iC E-Tfcn-^-,£z 

/ /X- rlVo' o’ 4- 5 ^ = ^ytl°Cor.e ^ Cor red ion t 

D = /oo^L : dn D/^ -- -EoJ^nJl. 

o I Jonddurye (approx) ^^omple: Given : A = 54° 20' ■ D -- 1°40‘ 

c 4. , a ' Gfa. 125-1-33.86. 

D : -ddjcurye_^ , Req_uired: R,T, L, PC. dc P.T. 

Chord R= 5 0 ~ Sin 3° 50' -- 147. 39. 

~ 2R. ' Chord- sin deC 7"= 141.83 don 21° /O') =385.31. 

Table A p D - ZOO {54'^ 20')-r-l°40‘ =108.10. 

n. forI00'Chord=IO05inD’ P^C P^j. 5 fa. 125 i 33.88- 383.3! -Sto.i2li5G.07 

o o y , <^<-^56.01i 103.10: Sfo./ 28 fG4.11 

c fee f= 0. 3 DkC -- Def.fbrfin Table A > c 


y Py'' T- CO fa n 2 

^ , j-, 5 o fan ^/i 

2 ^ ' ^~sJn ~^/2 

■ A = ■ M 


/oo 

n 

COSb/ 


C- 2 R- s/n £ z 

5 /n ^ r 


A . n - ^ 

2 - ' ^ ~exsec V 2 
; r. rcur^e 

; M R[/-cos 

- /? ’f E= R- exsec . 


9 ^- 


^ approx). 


Tan Def = if Z? ^ 7 ^;for c' 
Chord Def. = 2 Tan Def - 


/ I « 

for JOO 'Chords fOO sin D 


r JOO' Chord. 


D 

RADIUS 

DEF/ 

FOR 

TAN 

OFF- 

MID 

For 

Sub-Chord* 



1 FOOT 

seT. 

OR D. 

lO' 

ZO' 

25’ 

30 ' 

n A 59.2 

0.15 

0.456 

0.109 




r 

5 J 29 .G 5 

0,30 

0.813 

0.218 



• ******** 

30 ‘ 

3313.63 

2 , 8 & 4.93 

0.45 

D.GO 

1.309 

1.145 

0.321 

0 A 5 G 




30 ' 

d o 

2 . 252 . 0 ! 

0. 15 

2 J 3 J 

0.545 





3 

LS 10.05 

0.90 1 

2 .G /8 

0.654 




30 ' 

LG 31.28 

1.05 

3.054 

0 . 1 G 4 




40 

K 432 .G 9 

1.20 

3.490 

0.312 




30 

1 . 213.51 

1.35 

3.926 

0.382 



|_ 

5 ° 

IJ 4 G .23 

1.30 

4 . 5 G 2 

i.OSl 



\ 0 . 0 J 

30 ' 

1 , 042.14 

L G 5 

4.198 

1.200 



0.01 


955.37 

1.30 

5.234 

1.309 


aoi 

0.01 

50 ' 

381.95 

L 95 

5 .GGS 

1.415 


0.01 

0 . 0 / 


819.02 

2.10 

G .105 

1.523 


0.01 

O.Oi 

5 ° 

116. 18 

2.40 

G. 97 G 

1 . 14 G 

O.Oi 

0.02 

0.02 

10 ° 

513 .G 3 

3.00 

8 JIG 

2163 

0 . 0 ! 

0.02 

0 . 03 

12 ° 

4 73. 34 

3 . GO 

10.45 

2 .G 20 

0.02 

0.04 

0.04 

14 " 

4 JO . 26 

4.20 

12 W 

3. 053 

0,02 

0.05 

O.OG 

IG° 

859 . 2 7 

4.80 

13.92 

3.496 

0.03 

O.OG 

0.08 

18 ° 

3 I 9 .G 2 

5.40 

I 5 .G 4 

3.935 

0.04 

0.08 

0.10 

20 ° 

287.94 

G.OO 

11.31 

4.374 

0.05 

O.iO 

O.iZ 

22 ° 

2 G 2.04 

G. GO 

! 9.08 

4 . 3/4 

O.OG 

0.12 

0.14 

14 ° 

240.49 

1.20 

20.13 

3.255 

0.01 

0.14 

O.il 

30 ° 

I 93 .i 8 

9.00 

TsM 

G .583 

D.If 

0.22 

0.29 


50' 


^ See page J -4^. 

~CH0RD5 & ARCS - lOO'CHORD/ 

_ LONG CHORDS [ ^ 

2 5TA.I 3 Sm.l 4 SIX. I 5 STA. ^ 


Actual LONG 

ARC PER -- 

lOO’STA. 2 STA. 3 Sm. 

100.000 200.000 233.33 

zoo. 001 I 99.93 293.37 


ml 

0,01 

O.Ol 

ml 

0.02 

0.02 

0,02 

~d .03 

0.05 

0.01 


100.005 

100.005 

100.005 

iOO.on\ 

100.015 
i 0 0 020 
I0C.02G 

loc.on 

£00.058^ 
1 0 0. 0^6 
J 00.054 


13 9.93 
199. 31 

199. 35 
I 9 9.93 

/ 39.9/ 

/39.3d 

193.35 

J99.3I 
199.11 
l39. 13 
1 9 9.05 


I00.0G2 I99.M 
100.031 T 99 . 5 J 


OJA 

0.19 

021 

0.23 

0.43 


1 00.121 

100.185 

100.249 

I 00 . 52 C 

100.412 

100.510 

iOO.Gll 

100.135 

J 0 LJ 52 


199.24 
/ SS^SO 
1 95 . 3 / 
f 98.05 
i 97.54 
JSe.SG 

LIMA 

IS5.G5 
J 93.19 


239.33 

299.58 

299.81 

299.13 

299.(23 

299.51 

299.35 

299.24 
2 39.06 
233.90 

ZSd.lL 

~296:5l 
~ 2 96.05 
29G .9C 
Z95.G3~ 
294.QG 

232.25 
2 90. 2! 
281.S4 
285.44 
282.11 


399.95 
399.92 
393.35 
3 99. 10 

3 99.52 
3 99.32 
3 99.07 
3 95.73 
3 98.40 

355.10 
391.70 
391. 2G 
39G.19 
3BG.28 
395 J 4 

392.42 
339.12 
385.23 

330.7 G 
315.14 

510.11 
3G4.0G 

351.43 


5 5TA. 

49S.SG 

499,85 

499.GG 

499.39 
499.05 
4 98.GJ 
493. 14 

491.51 
49GS2 

4 9G.2C 
495.4! 
494.5 3 
4 93.59 

492.51 
490.31 
454.90 
473.34 
410.G5 

4 GL 8 G 

452.02 

441.15 

429.3! 

4/G.54 


USE or TABLES 


Requircd. 


D = 2®j£^ Defiecfion for35fi 


Given 


A&B 


So LUTt 0^4. 


jy 

_r 

30' 
2£ 

—50i 

Z3Z 

4^ 

30' 



30' 

6^ 

30' 

1° 

14° 

IG* 

18 ^ 

20^ 

22^ 

24^ 

5 



D-4 


D'-IO' 


D^14' 


£)r 20 


D-- 3^ 


Tan Offset for/25fi 


Mid OrdforSOficho, 


^1 


Length o f nomtno 
20 ft sab chord. 


Actual Jen gth of 
arc for L ^GOOfi/GZh. 


• 0.15x55 -'20.25^ ZC 15“ 


[ = 5.45 fi 


= 0.0001x30^2.133 = O.ISGfi 


WMMunan^htnwnimmawn 


'ZO-bO.OS 


= 100. 5Jx G 


= 20.05 ft 


=G03.0Gft 


n 


12 . 

O.ZOQO 


15 

0.21G1 

B 

0.0GG7 

14 

0.2355 

BEESSI 

15 

0. 2500 



IQ 

0.2GG1 

BED^ 

11 



\OJ333 

Id 

VJ^SRk 


0.5IC1\4I 


42 



Lon g chord forSSfo. 

ti'JVOSiT 3 in decimals of ** 
^Adopted from Railroad 


■•fromTab/eA ^ 289.13 ft ll\ 0 J 500 \ /9 0 . 31 G 1 


ff-orn TobfC 3 
=27^ a 0SS3 -f //X 0. 000276 27. 




O./GGll Z(h 0.3333 


Cc/fi^e Tables by Eugene Dfefzgen Co., 


22 0.3GG7 


231 05333] 33\0.5500\43 


0.4000] 34 0.SGG7 


0 . 5335\45 
2 G \ 0 . 4333 ] 3 G\ 0 .G 000 4 G 
0.4500 31 O.GiGl 41 
25 \ 0 AGG 1 38 0 .G 33^48 
29 0.4833 39 O.GSOO 


30 \ 0 . 500 Q\ 40 \O.GGGt 50 

for I"= 0 . 000 278 off 

ft eld fnpineerir?g bg 


O.Gd 33 


0.1000 


0.1 IGl 


0.7333 


i 0.1500 


\ 0.1 GG7 


0.7533 


0.5000 


0.8 jGl 

^.(93331 


5 / 


52 


55 



0.6500 


O.SGGl 


0.3833 


0.9000 



5G 


51 


56 


39 

60 


0.9333 


0.9500 


O.SGGl 


0. 9833 
1.0000 


5&\r/cs 4-/yc£> 




































































ROADS 


FUNCTIONS OF I” CURVE 


cc 


'0,-' •J-f' 



" CSC Of -table. 



£NTRAL| 

ANGLE tangent EXTERNAL 


3r 


30' 16/5.91 



2/6.25 


223.5/ 


230.90 


/3.99 


30' 225. "S 




30' 


/g° 50 2 7 


30 , 526.47 



30' 





/9.75 


2 !.89 


24. i 4 


26.50 


28,97 


3 / . 56 


30' /670.02 


/697. /& 


30'\/724.4l 


/75I. 7/ 


30'\ 1779.0 


/d06. 53 


/d34. 05 


/aei. 65 


/ 869. 33 


1917. 09 


/ 944 . 93 


/972.85 


30' 2000.86 


2023.95 



24 6. 


253. 


26/. 


269. 


273. 


286. 


294. 


303. 


3/2. 


08 


87 


80 


86 


05 


39 


36 


4 


22 






66° 


30 ’ 









30' £2'’. 49 




03. 50 


39.99 


43. 03 




2085.40 


21/3. 75 


2/42.20 


30' 2/70. 74 


2 !99. 3 


30' 2228./ / 


2256. 9a 


30' 2285.87 



330. /S 


339.32 


348.64 


358./ / 


367. 72 


371. 41 


387. 38 


39 7. 43 


407. 64 


4/7. 9i 


428.50 


30 ' 


68° 


3 


69 ° 







44 




30' ~79. 76 
/6 • 805. 24 


0 830.75 


/!= 8 



52.82 


56.3/ 


59.9/ 


63.63 


30 


23/4.90 


2344.03 


23 73. 2 7 


2402.6/ 


2432. 06 


30' 2461.62 


2491.29 


2521.07 




30'^33J2 
° 958_,80 

30' 9842.5? 


203 _.' 0/0 .23 
30' / 036. 03 
° /06’.9f 



449.93 


460.95 


472. 08 


483.37 


494.82 


506 . 4 2 


5/8. 20 


530. 13 


542. 23 


554.50 


23° 

30' 

24^ 

30'\ 

JF~' 
10^ 
26° ' 
_3^ 
21 ° 
30- 
28 ° 

^ 30" 
29 ° 
30' 

lo^ 

30'' 


J.' 65-20 
2197 75 
12 ! 1. 86 
■'244. O / 
/J 10.2 2 
I29647 
■'322. 78 
/ 3 49. 14 
/3 75_55 
/ 40 2. 02 
/42a^4 
■■455- 13 
■'481. 77 
! 508.4 7 
'535- 24 
f562. o6 


. 88.39 5 


92.92 


/_02.3_5 . 

! 0 7. 242' 5 2 
/ /2.25 2 
/ ! 7L 33 ^53 
122.6^ J 

■'^8. 0 0 \54 

/ 33.50 30' 


/39.// 55 

744.85 : 

.’50.7! "^56 
/ 56.70 ■■ j 

7A2.8J TSl^ 
/ 63.04 r 

/ 7^. 4 ! TfS 

1 8 a. 5/'^ 5 9 


2671. 75 


2702.24 



2325.52 


2956. 66 


2887.95 


29/9.37 


2950. 93 


2982.63 
'30/4.48 
3046.41 
3018.6) 
3 / ! 'o. 9 ) 
3/43. 35 

3/75.96 
3208. 72 

3241.64 
3274. 72 


579.54 


592.32 


605. 2 7 


18.39 


63!. 69 


645. 17 


658.83 


672.66 


686 . 63 


700.89 


/5.2d 


729-85 



CENTRAL 

ANGLE tangent 


6/° 13374,9. 


3408. 74 


62° \3442.68 


3416.79 


35/1.09 


30' 3545.57 


64 ° 358 0.24 


30'\36I5.09 


3650. /4 


3665.39 


3720 83 


3756.48 


3792. 33 


3828.38 


3864.65 


3901. 13 


3937.83 


3974.75 


40/1.89 


4049.21 


4086.81 


4/24. 1/ 


4/62. 76 


420/. 10 


4239. 66 


4278.48 


43 / 7. 55 


4356. 8 7 


4396.46 


4436.3/ 


44 76.44 


30 '\ 45/6. 83 


4557. 5/ 


4598.47 


4639. 72 


466/. 26 


4723-/0 


4765 24 


4307.69 


4850.45 


4893.52 


4936.92 


4980.65 


5024.1/ 


5069.10 


51/3.84 


5/58.93 


52 04. 38 


5250. 19 


EXTERNAL 


20 . 1 


337.3 


954.3 


912.4 


990.2 


jooa.3 


1026.6 


1045. 2 


1063.9 


1082.9 


/ 102 . 2 


1121. 7 


1/41.4 


1161.3 


1181. 6 


1202.0 


1222 . 1 



CENTRAL 

ANGLE 


1° 5830.46 


30' 5831.58 


92° 5933.15 


30'\ 5935.20 


6037 . 72 


6090. 72 


94 ° 16/44.22 


2444.9 


2481.5 


2513.5 





2594. 0 


2632.6 





96 



98 


30 ' 


72 ° 


3 


73° 


30 ' 


14 ° 



75° 


30 ' 





1265. O 


1286.3 


1308.2 


1330.3 


1352. 6 


/375. 2 


1396. 0 


1421. 2 


1444. 6 


1468. 4 


7492.4 


1516. 1 


754 /. 4 


7566.3 


1591.6 


6252.74 


6307.71 


6363.34 


30'l 64/9.45 


64 76. / / 


30 '\ 6533.33 


659/. 13 


6649. 50 


6708.41 


6768. 05 


6828.25 


6889.01 


' 950. 53 

30 '\ 70 12 . 65 


102 ° 





10 ! 












774.73 
790. 08 
305.62 
82/.37_ 

337.31 
853. 46 

369.32 



1643. 0 


1669. 2 


1695.8 


1722.7 


1749.9 


1771.4 


/605.3 


1833.6 


1362. 2 


139!. 2 


1920.5 


1950.3 


1980.4 


20 / 0 . a 


2041 . 7 











113 


89 


5339. 85 


5437.17 

5484.38 
5532.99 

55 81. 51 
- 5630.44 

30'\ 5613.19 


5 729. 58 


57 79. 80 



2169 . 2 



2 269.3 


2 303.5 


2338. 2 


2373. 3 


2408.9 


1203.01 


7267.94 


7333.53 


7399. 85 


7466. 93 


30'\ 7534. 78 


7603.41 


6 72. 84 


7 743. 08 


78 14 . 16 


7686. 09 


7958.89 


8032.51 


8/07. n 


81 82.6 i 


8259.15 


8336.59 


84/5. 01 


'494.45 


574.92 


8656.45 


8 739. 06 


8822.78 


8907.63 


8993.64 


9080.83 


9 169. 24 


9258.89 


9349. 82 


0'\ 9442.05 


9535.62 


30' 9630.55 


9726.89 


9824.67 


9 923.92 


10024.68 


2711. 2 


2751.3 


2792. O 


2333. 2 


2875.0 


2917.3 


2960.3 


3003.8 


3047.9 


3092. 7 


3/33. / 


3/84.1 


3230.8 


32 78. 1 


3326. 1 


374.9 


3424.3 


3474.4 


3525.2 


3516.8 


3629. 2 


3682.3 


3736. 2 


3791.0 


3846.5 


3902.9 



40/8.2 


4077. 2 


4137. 1 






4322.4 


4386. / 


4450.9 


4516. 6 





SSI 



m 





465!. 3 


4720.3 


4790.4 


4861. 7 


4934. I 


5007.8 


5082. 1 


5158.8 


236. 2 


53 15. O 


5395. / 


5476.5 


5559. 4 






5817. O 


















































































































3-50 


ROAD5-DEFLECTION5 & CHORD LENGTHS FORCIRCULAR CURVES 


FOR LAYING OUTARC DEFINITION CURVES BY MEASURED CHORDS 

I TABLE A - DEFLECTIONS AND CHORD LENGTH!^. 1 


■DEGREE 

OF 

CURVE 


DEFLECTION FOR ARC LENGTH 


RADIUS I Def/ection- A rc Length fO..^ Dp. 


30 



3C' 





/a* 


/3* 


2 ^* 


58° fZ’ 
26^39’ 
25^23' 

22° £ 5’ 

20° s o' 

f9°0l2' 

f7~°~38"~ 

IG°22' 
J5° fT 

_12°44’ 
// " 2B~ 
fO" 25 '^ 

9° 33"! 
&°5 0' \ 

7°f0'\ 

~~G°44^ \ 

G^Z2 _ 

G°Q 2' 

5U4 



30 ' i : 145 9 . /6 


2564 79 
1231- 33 


0^ 0 0. / 5' 


0* 0 0. 30' 


0° 0 0. 45' 


0^0 0. 60' 


0° 0 0. 75' 


25‘ 


0°0 3. 75' 


0°01. 50' 


O'^ n. 25' 


0°/5. 00' 


50‘ 



9 09 S6 

0° 0 0. 90 

637 02 ' 

~ 0° 0 L 0 5 

43 2. 4 A 

0° 0 L 2 0 


0 ° 15 . 00 ' 


O'* 2 2. 50' 


0* 3 0. 00* 


O'* 37. 50' 


O'* 45. 00' 


0^26. 25' 


0°30. 00* 


of Curve) 


100 ‘ 


O'* 7 3, 00* 


0^ 3 0. 0 0' 


0^ 45. 00' 


/• 0 0.0 0 ' 


J** / 5. 00* 


r 3 0, 0 0 * 


CHORD FO 


Chord^^ 2 


25' 


25. 00* 




2 5. 


25. 00' 


2 5. 00' 


25. 00' 




/ A 




954.93 


33/. 47 



0° o /. 50* 


0°0/. 65' 


O'* Of. 30' 


0^ 01. 95' 


0^ 0 2. JO' 


0* 02. 2 5' 


6-74.01 


636.62 



0*3 7. 50* 


0^4 L 2 5* 


0°45. 00' 


0°43. 75' 


0*52. 50* 


0*56. 25' 


/• 0 0 . 00 ' 


r 0 0. 00' 


0 7. 50' 


/• /5. 00' 


/• 2 2. 50* 


30. 00' 


37. 50' 


45. 00' 


52. 50' 



4 5.00 



3* 7 5.0 0 




m 

m 


3* 43. 00' 


02. 6 5' 


03. 00’ 




2^ 07. 50* 


2^ 7 5. 00' 



409. 26 


331 97 



0° 04. 20* 


0* 04. 50* 


0° 04. 60' 


O'* 05. /O' 


0° 05. 40’ 


30/ 56 0* 05. 70* 


0* 06. 00' 


0° 06. 30' 


33 7. 03 


3/3.3/ 


7 ^ 7 7 . 25 ’ 


7° 7 5. 00' 


7** 2 2. 50' 


7\3J). 0 0'_ 
7°'3 7/50' 


/•45. 00' 


7** 5 2.50* 


2 * 0 0 . 00 ' 


2^ 0 7. 50' 


5. 00* 


2* 22.50* 


2° 30. 00’ 


2' 3 7. 50' 



4° 7 3. 0 0* 


4* 30. 0 0' 




_j5_g 

_J0^ 

250 
_ 275 
300 
32 5 
350 
375 

400 
450 
500 
550 
600 
650 
JJ00_ 
^50^ 
30 0 
350 

900 

950 

fOOO 


O'* / 7. _4 5' 

0 6.5 9* 
_q^ 0 7^ 4^ 

0" 0 6. 2-5' 
0 ** 05. 7 3* 
O'* 05. 29^ 
^ 04 . 9/' 
O'* 04. 53' 

^0 4. 3^ 
O'* 0~3 ~ 3 T' 
O'* 03.4.4' 

Qf_^. 56' 
0°_0 2.6_4’ 
0* 02. 4 6: 
G^J)2. 29’~ 
0'*0 2./ 5' 
O'* 0 2. 02' 

~0'* prWj’ 

0^~dT^' 

O'* 0 L 7 2' 


4j4e. 48' 
~ 3'*34. 36 ' 
3° / O. 93: 
2** 5/. 69* 
2** 3 6. 26' 
2'*23. 24* 
2^ 2^ 22' 
2° 02. 76* 
7" 54. 5 9' 

7° 35. 49'_ 

7° 2 57 94* 

/** 13. l.V 


2 * 30. 00' 


2* 45. 00’ 


3** 00. 00* 


3^ 7 5. 00' 


3* 30. 00* 


3° 45. 00’ 


4* 0 0. 00' 


4'** 15. 00' 


4° 30. 00' 


4° 45.00' 


5'* 00. 00* 


S'* 15. 00' 


5° 30. 00' 


3° 45. 00* 


6 ° 0 0 . 00 ' 


S'* 32. 96^ 

1709712 : 

^6 " 2 7. 9 7 : 

_5°_4 3 . id' 
S'* 7 2. 5 2' 
4** 46. 48’ 

4° 24.4 4'' 
4** 0 5. 35* 


25. 00* 


2 5. 00* 


2 5.0 O' 


2 5 . 


2 5. 


2 5.00* 


15.0 0* 


25. 00' 


25. 00' 





50‘ 


50. 00* 


50. 00' 


50. 00' 


30. 00' 


50. 0 0' 


50. 0 0* 


50. 00' 


50. OO' 


50. 00* 


50. 00' 


50. 00* 


50. 00* 


50.00* 


50. 00' 


9.99* 


9.99' 


49. 99* 






S'* 3 


S'* 0 0. 00* 


6** 3 0.0 0' 


T 0 0.0 0' 


7** 30.0 0' 


S'* 00.00' 


S** 30. 0 0* 


O' 


9^ 30. 0 0' 


7 O'* 0 0.0 0' 


7 0* 30.0 0* 


2 5. 00* 


2 5. 00* 


25. 00* 


2 5. 


25. 00* 


49. 99* 


49. 36* 


4 9. 98* 


49 . 96* 


49. 9 7' 


49.91* 




9M$1 


24.. 39‘ 


24. 99' 


24. 99' 


24. 99' 


49. 96' 


49. 95' 




49. 94' 


4 9. 93' 


49. 92' 


24. 99' 


! 2‘ 0 0. 00' 




_L4J_[9.'44' 24.96' 

/ 2 ° 4 3. ^4'" ' 24.9 9' 
/ /• iT. 5 3' 24. 99' 

LA". 25 . 0 4 ' 24. 9 9' 

9“ 32. 3 6' 24.99' 

d" 46.6 6' 24. 93 ' 

3 ° //■ / /' 25, 00' 

‘ 36.3 7' 2 5 on^ 

‘ 0 9.ir 2 5.0 O' 

LIIJlL' 2 5.0 O' 

° 4 3.11' 2 5.0 O' 
°I2.5T ~A'5.on' 

‘ 46. 4 8' 2_5. 00' 

‘ 24. 4 4 ' 2 5. 00' 

“ 0 5. 55' 2 5. 0 0~ 

° 49. 16' 2 5. 0 0’ 

’_AA&6' 2 57oO~ 

L_2_2.._2_2; ' J 5. d'o-' 
0. 9 9' 2 5.00' 

[A 0. 9 3' 2 5 00' 

' 5 /• 6 9’ 1 2 5. OO' 

y4rc Ze/7p//7. 


a° 


A1 

0 " 

0“ 


. 43' 

S'* 34. 867 

7 * 09.7 2' 

- 49 

_37 / O. 99'T 

6° 2 1.9 1' 

• 94' 

2° 5 7. 59'T 

5° 4 3.1 7' 

- 73* 

2° 36. 26’ 

5° 7 2. 5 2* 

• 62' 

^2° 23. 24' \ 

4‘ 46. 43' 

. //' 

. 39' 

2° / 2. 22't 

2^ 0 2 7/?' 

4‘ 24.44' 

. 3 a 

/** 54. 59' I 

^ 05.55 
3 ° 49 . 16 ' 

• 7/ 

/• 47 . 43' \ 

3" 34. 66' 

56 

7° 4 /. //' 1 

3" 2 2. 2 2' ^ 

75' 

/" 35.49' 

3" 7 0. 9~9’~~ 

.7 A' . . 

/" 30.47' 

3" 0 0. 93' 

97' 

7° 2 5.94* 

2“ 5/:'s'9'^ 


Oef/ec/f-Q^ Fo^ C(yrves- oA - t7/a. rA 


49 . 9/' 


49.11’ 

_4 9. 61 ' 
49 . 9& 
49. 92' 
4 9. 93' 
49. 94' 
49. 95' 
49. 96' 
49. 96' 
4 9. 91' 

4 9. 9 T 

' 49 . 96 ' 
4 9. 96' 

49. 99’ 
4 9.9 9' 
4 9.9 9' 

50. 0 0‘~ 

50. 0 0' 
50. 0 O' 
5 0. 0 0' 
50. 0 0' 
50. 0 0' 


10 


! 0 0.0 0' 


10 0.0 O' 


2 0 O. 0 0' 


J 0 0.0 O' 


99. 99' 


9 9. 9 9' 


9 9.9 


99. 98' 


9 9.9' 


9 9.9 


9 9. 9 6' 


99. 95' 


9 9. 9 5' 


99. 9‘ 


9 9. 93’ 


9 9.9 2' 


99. 9r 


99. 90' 


9 9. 69' 


9 9. 61' 


99. 65' 


9 9. 8 2' 



9 9.- 


9 9. 66' 


9 9. 63' 


99. 59 


9 9. 54' 




9 9.. 


9 9.3 9' 


9 9. 3 3' 


99 . 2 : 


98. 16' 
96.96' 

99. 16' 
9 9. 34' 
99. 45' 
9 9. 54' 
9 9. 6)' 
99. 66' 
99. 70' 
99. 74' 
99. 79' 
9 9. 8 3' 
99. 86' 
99.89' 
9 9. 9 O' 
99. 9 2- 
9 9.9 3' 
99. 93' 

9 9. 94' 

9 9. 95' 

9 9. 95’ 

9 9. 96' 

































DsriecTiOf^ 


ROADS - SHORT RADIUS CURVES 


3-51 


d^d --j 


Note: The degree Of curiae fs not usually used for the curves Involved street 

trTfflr r^r?/il ^ ,runujay and faxiuvay fillets, and turnarounds, 

Central An^fe’ e/c. These curves ore defined by the Radius, R, and 

^ NoTfKTiON : 

^ ^ == Tongenf iengih • RC. or PT to Pi 

^ ' ^rc length 'PC. to P.T / 

^ L I ^ Arc /eng th for any 5ub chord T = 

^ T C ?r\Tr sab chord. \\ / 

/ X! ^ ion fo any point \ ^ 

\ ^ A /y ^ 0 ^ A ^ Cenfro/ Angle in degrees, y ?o^\ \ . - ; 

<^\ 3 --— ^ 'Centro! Angle in radians. 

One radian -^^-.1^ 

\/ --S7.2JS8' ^ XvX^ 

^ RT RADIUS CURV l. ;/n for sub-cOords. 5^B-CHOrXnD DErLECTlONS 

E -External :e for subchords. 


PC. 


A 

z 


50 




O' 


43 

e ojr^ 


BQ^ 


^jb v^c 


'<TOvN 




X 


4 A- 2 t ^ ; 

y d /<yX 


5 - ' 

, 0 / a \^ 


short radius curve,. 


SUB-CHORDS AND DErLECTlQN^. 


/ Z. • / 

= ? * Z Sy -2558 - 7 . co:* f = ^ , 

4A/AC^ ^ Mf±m^ . 

~W ' 2 M 

■: QaT.-ABlL- nnil/io.) no . r; 4 


Sub- chord - ?/?• j/h o' ■■ Z(R-M) fan d. 
d(inminule 3 )= 17 / 6 . 813 ^ . Radius- 


i O- 0 n 453 M - Circum.- . 

T ^fidarfrs^cot^.-j^^, [c^ 

C .- ^R■sln I --ZT cos j = 2 ^Im( 2 R-M) ^ 

M -■ /?-;'(fr 5 I = i'-coj f I /? r/- 005 - f ). X 

f -.R.exsec^-Tfan^-.^ .R. 


X Zsin.d- 

' 'Ao ■ lengfh -- -- 0.034906 Rd (dm degrees). 

CONCENTRIC CURVES ^R-sin^ d 

ip ; 5 /h^-'^ 


/ 


X 

/ 

A 


A ^dm =57.23 58 ^--8 -57.2958. 



r 


Ido 


Sin it; - S, 


TABLE A- 






5 ' 


iO' 


^ 0 ' 


25 ' 


50 ' 


/O' 


20 ' 


— • c A - . c -f ^ 4 7 
2R. ' Z ' R ' 2T > 2 ' R 

A- DEF 


2 ' 15 


29 ' /?* 0 /' 9 °ie'| 7 ° 55 l 7 °//' 
30 ° 00 \ 2 ^' I 9 ’‘ 28 'l 6 '‘ 0 g 14 ^ 29 ' 
56 ° 2 G\ 4 I'’ 49 ’\ 35 ° 4 s\ 30 V 0 ' 


38 ° 4 I' 30 


Lr-^L 
Lo -tu 0.0/7453 W- A 

: tv- .!.//? 

DD 


fjfC-e5S orVover'c -. l-c --l-2R-smd. 

Sum ofdeflecfion angles. d,idi*...dr, = ^ 
Eaampl e -. 

Given: R= 50'-, A -- 1/0° (e-- 1.9/95); 2^ So: 
Required: L, I, . d, d,, c , & c . 

Solution: L--50x 1.5195 = 95.96' ; 1,-95.38-50-- 45.98' 

d= I7I8.873>. ^°/So= 28°39' 

d, = n/8.873,t^§^=26°?/‘ 
c--2Rsln 28'‘39'- 47.946' 

C,--2R sinZCZI' - 44.385' 





ATE5 













CIRCLE. 



1.09 0.86 0 . 7 / 0.64 
5.37 I 3.62 3.03 2 . 6 b I 2.03 


SECTOR OF CIRCLE. 

Z 


30 ' 


lEgn 

4 * 56 ' 

3 * 35 ' 

3 ®//' 

' 5 * 156 ' 

5 */i' 

7 '// 

6 *^ 3 ' 

' / 5 *?a' 

/ 6 *i 6 ' 

/ 475 ' 


' ?V°i 7 ' 

^ 5^54 

/- 3 */ 3 ' 

/ 6 *Z? 5 ' 

seir 

45 * 55 ' 


33 * 45 ' 

OAZ 

i O.SQt 

1 0 . 3 / 

0 .? 6 ' 

1.12 

' /.46 

L 27 

nai 









4 ” 06 









'^Or$‘ 


Area- Areo-aomZlR^A 

Circumference -- 2 rrR^rrD. - ^ -R: 


SEGMENT OF CIRCLE 

X Mjlr^ 


tovr 


/d’d 


0.16 

/■Ol I 0.64 \ 0,721 0.63 

A _ r>7 f 4.^^ A An \ _ 



0RD5. 


r35’\ }^2G' /V2' 


JO/I' 2 ^ 52 j 2 ^ 3 ‘ 


4 ^ 47 ' 

T5^\ 7445*55' 




O.fS 0.10 


0.5Q> 0.5DI 0.42 


0 ^ 57 ' 






O.Od 



K- - ¥ = V - >P 2 . ¥ 

_ ^ ^ ^ lA/hen ^ f 

D‘2R - ^'^‘/rr A- o.lB2lc'^:o.‘J654 


X\ ’ ^l(tcn ^--l§-^) -- R(r-\). 

% A/c I Correct for parabolic segment, 

^,-,r, 2 . \ 'h / , [approximate for drcutar segment, 

o 02 A \ oAtSV 

yto \fTx ^ ^ sin A = ^/z c{R-M) ’-(Rsin ^YRcos ^), 

"2 \y iVhen A-50‘'x*Af= 0.2/4^R^ 

.lB21ch0J654R -I?994 f^ 

Fie.B- FORMULAS FOR AREAS. ~ 


GO 


* Adapted from Lef&x Society tnc. PhitA. Pa.. 
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ROADS - TRANSITION CURVES* 


Formulas; 


7^^ {R^'hp)fan'^'^k. 

(^c ^p) <?^sec Ji^p = - P?c 

^ = yc - i ■ - Cos 3s) (approx.). 

• Rt Sin 8t = -^(approx). 


Os 


AijD 


/ 




200 Ls 

/OO dc ! Xc 


/ 




/ 

/ 

V' 




ia 

200 ds 






T 


vPC. 


Ri 


/ 


C 


\Circuhr 


point 


\P 


No TE : 

At fhePX. the spiral opprojtimateltj 
bisects R 




/ 


Off sets To "x'And 

y ^ L ^ (y 

yc ' Ls (y for If/). 

X‘L(x for is '•!)', Xc^Ls (x for Lfi). 
OFFSETS To !/4 PQiNTiS 
yaf ki points yy 4 » 
y af ^/z poini * ^(appro)^ 

y af %poinf: 

Total Length OfCurve . 

foS.T.^ ZLs-HOO 








Bin degrees. 20 

c in minutes. 0,4 


c"- /77C7 o'5 frans/Hona! Ihrc 

^°‘!?iJki^°lJ-^'^’>^"%^eOandTslEsQre computed fro. 

5!?^-^.^^ CURVES WITH SPIRAL TRANSITIONS. 

^ SPfRAL LAYOUT [See page P s4a/so). 

Af -.Radius of the circular curve. 

P -Offset d is fence from tangent to the 
PC of the circular curve produced. 

^ -Distance from T.S. to RC. along tangent. 

-s 'Ron gent distance, 
c-s ’‘Externa/ distance, 
xc, yn-C: ordinates from T.S.toD.C. a 5.T. to C. 5. 

S - Spiral angle ot any point on spiral. 

6s -• Sp:rci angle at 5. C. or C. 5. 

i- -Length of spiral, T.S. to any point on spiral. 

Ls -- Length of spiral, T5. to S.C. or S.T to C. S. 

Dc --Degree of circular curve (arc definition). 

U --Degree of curve at any point on spiral \ 
x,y ‘Coordinates from T.S. or S.T to any pointon spiroh 
(pc --Deflection from tangent at T.S. to S.C. ^ 
p --Def'e efion from tangent at T.5.,S.T. oranu 

DOinf Of) ^fitr/hJ fn /nr^jt _i • / ^ 


Potnf on SRiroito any other point on spiroJ. 
L/yb.T- long fongenf,, shorf ton gent 
LCrXong chord of spiral trons/t/or, . 

& dnfer sect ion and centra! angle of entire curvX 
I 7 of circular curve. ^ 

fj c/rcufor curve, S.C. to C.S. 

Notej The degree of curvature varies 

as the length, from zero 

to the maximum of Dc 
at , he S.C. The sp/rai departs from the 

frih fiidhZt. '-rc c,s 


5 40 

-jr-r . , 2.2 \ 3.4 , 

Method El-Offsets from tangent. Establish by 
measuring -x'd /stances fromT.S. and y -distances 
from tangent Compute.d for each point and then 

compute')( andYcoord/nafte5 from Table A • 

f!-/ 'fjf ‘ P^tnt formulas above. 

Method MnDef/eetJon ong/efromr5.orS.T. to at 
po/nt on spiral cuith coordinates-x’ondy' Js 

fhe ang/e whose for/ger/f = iX/K. 

Method M-De flection angles fromT.S.topoini 
of /o eguai divisions (to chord spiral J ore : 

eo/^-,Q04t>eiai6^,0.25 (iii)0.3(i(i-0.43^. 0.£4<tcf0.8i<ie 

TABLE C- MINIMUM TRANSITION LENGTHS 


r JO' 


\OM,P. H, 

I 


2 




if 




It 




11 


/C>o. J2^ 

14^ 


If 


eOM.RH. 


ISO’ I iSO' 


f f 


f 1 


200^ 


f i 


ff 


♦I 


fi 


If 


## 


opted from Trans tiion CurxE^s RnrH' a T ^ 

tor Hfghcuoys by Joseph Borne ft>^ P.^.A. 


lOMRH. 


OO 


♦♦ 


O' 


250 ' 


Based on 


Ls - 


-tevl 


mere: V>o.7s Design Speed 

inM.P.H. Min- Lt‘/50ff. 












Circular 


INTO 


^Length of spiral- select from Table C-page 5- 52. 

p " ^^9ree of curvature (arc definition). 

Offset of curve at P. C. to permit sp ir al introduction- from Table - p.3-55. knocuina 6. 




f 


"Curve D. 
Curve Dc. 

A 




031^4 


f 

Curve center refained. 

CASE I - Radius of or fa in a/ circular curve 
reduced by value o^' to provide space to 
insert spiral transition. 

r'^Triai: As s umeDc * D. find trial "P 'as above 
Z^rrial: Compute g-- , find correct 'P i 

0 Tangents. 

Original Tangents, 


Original tangents 
retained. 

Original curve'D'- 


Cos.\ 




\ 


/ 


M £1 




Original P. /, shifted 

e\ 


C ASEH- Radius of anginal curve retained 

and curve center '0' shifted incuard. 

tiote: Degree of curve retained. 

~ — - 


out by 


Cos\ ■ 


\pr/ginalj 
Curve 


Sharper curves 'Dc of Trial and error 

o ffset X \ adjustment mou be 

P to /nserf spiral, \necessary to reconcile 

Orig. Cur ve ‘D 7 \ 'r , '&/ on d 'Dg. 


A* 


s. 




O 


V 


s. 


n 




\ 


Curve 'D! 


\ 


/ 


\ 




09 




/ 




/ 

/ 


\ 


/ 


Curve center 
netained. 


CASE HI- Original circular curve location 
retained and tangents shifted outward 
to insert solrnl. 


da ■ Eguivaienf spiral angle. Use in Table 
pogeS-SS to f/nd Fk. 


\ 


\ 


\ 


if 


><■ 


s 

\ 




\ 


\ 


CASE IT- Original alignment retained os 
as closely os possible by compounding 
Circular curve at both ends. 






<0 


< ^ V 




Circular 

Curve 




C! 




Oc ‘ Ocr 0<i 
to 

Dcz 

Sq - 62- h, 


Given: R., P, Sc Pz. 

Required: Rngle L 
Solution: Ton 4 , = — ^ — 


Original 

Curve 

NX 


C^U 


C: 


A:, 


> 4-5 


i/ 


I 

tNecu P.T. 

Li . 


COSA> 
rn r /I j - R,tP. f A r 2 
Original A‘ 8 

alignment ^ r 4/ - 4^ 






CASEY- 

To /nserf o spiral in o compound cur^e. 


! J 




h! Original 

Curve. 

\ 


\ 


/ 

/ 


CASE 7 b insert spiralT^e^ujeen simple 
reverse curves separated by a fanaent 
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ROAD5-TRANS1TION CURVES- PROPERTIES & EXAMPLES 


PROPERTIES Of 


SPIRAL. 


Offsets, y, '/cry as the cube of L^or length of spiral y at any point 
Scire! angle '6" varies as /. d of any point on spiral = ( f Yds. * 

Defection angle varies as jVc- ^ 


O'- "an gen* to mi a point of spiral Is jP very nearly. 

Soi-cl ce parts from the circular curve betcueen S.C. and P.C. at the some rate as 

fmm -ne -^angent. .\ Radiol offsets from circular curve betcueen 5.C and P.C. to the 

sc'-ci are the some as perpendicular offsets from the tangent betcueen 
T.S. ana PC. 


'^c-27S 

W 

a 55 . 




C .0/ 

ly,^C.23 

^ '.V.r 


Required- Offsets to e^en stations. 
Socution : Compute 6 and read x & 

y for is*! fhomTable'p.S-^s 
Sfa.l L I 9 \x,Ls^/ |(/,^,=/| X I u 

\i 2£iC 40 (f58‘ ^.99997 O.OOfSS 40.0 0.22 
121-fO /4C 0.39576 O-OiSZi 139.41 9.55 

~^^^azO^Z4*0' 0.96 260 0.13733 196532658 


0.4/4 


^ < 


:si^£o 



Given : Spiral , Ls - 200 ' ; . 24 * \u,=n. 5 a 

Required -.Offsets to '/4 points. 

Solution: From F/g.A , Uc- 27.58' „ . . A ^ 

By forma lo,y of any 
poInfMgf ^ 

^ CtreuJor Cut ye c I 

At kt points, y=27.58x^ = 0.45'. y--5.45fY 

M /i points^ ty ^Z75Sx^ - 3.45\ 

5pirol, — ^ 


PIG. A - OFFSETS TO EVEN STATIONS. FIG-B- OFFSETS TO Va P OINTS. 


^*5. 


.- . at 


E ‘ 

CnP, 

.^7 


‘-•o 




'■•S cSrdC 


Oyen^ 90% Dc~ 24*;U=200: 
rormuics from P^. 3-67.. 
^un c tion s of spiral for 
is- 1 from p. 3-SS. 


Gfven: Sju-ro! unth Z.j =200' and ds - 24° ^ 

Required: -Deflection angles <f, to Sta. l2CtO: tfi to Sfa.l 27t0 -.ck to 5fa.l27.t60. 

-o/ut ion : By formulas, C and cf. ^(Afe,- c . 

Sta. IZTteO: (pc ^ 24/^ -0.3 - 7.9d€<t^ = 7' 69.2' 

5tQ.126t00: <t, -jL^yg, ^(:^J^x7.$aQ6- 0.3195° = 0" 19' 

Sta. ! 27-100 : 4>i •• 5.9134 3° 55' 

Logout: i^dh transit at T. s., foresight along tangent cuith vernier of O' 

fT t Tarn cf, and measure iOO ft. 

tr^r r- r-, >27 to. Turn 4c and measure (SO' from Sta. I27t0 to SC. 

rig.C- DEFLECTIONS TO FVFN .-^TATIOMS. 


Layout : 


Hote: Fg.A, 8,8:0 give all dimensions usually necessary to plot or 
h '*^0 /ocote tt)9 Spiro/. T/)e fo/IoujinQ exompie/so curya fuHtj tnnrkf^rl 

^ Out. rDTTTTTiTT^n t--_ — r — 




_ I ^ I 

M t A 

"Ls* fts.do^ 
Oc^24^ 




-xT 

Rs> 


Required 

Os 

be 

Lc 


•-0 

'r 


"^-S> 








t^or layout of Circular 
curye-see p.3-4G. 






• V 


Layout Or Co N^pn, Points-'" ^ (RetP) tcnftM Ts - J45.C 

estoO'/sh T.S Py meosunng > from P.OT. norrrini t. ^ Uf for is-'l) Ls } 9 ‘ 24° L.T. = I34.5 

r°R spiraT TR A^Ts mglirTT^ iRCUL.p ' cn.vr^ 

^■^TiZhhZDDZlfhL. 


Xc 

P 

k 

7L_ 

LT. 

S.T. 

LC. 


Formula 

Us Dc t 200 

A - (LsDc -i r/OO) 
/OOAc -r Dc 

~h 6s -C 

( U for Ls-iyL^ 

(x for Z^-Vj’iLf 

vc ■ r /" cos ds) 

Xc - Rc sm 9s 

(Rc tP) ex secy ■( P~~ 

(RetP) tan 4- + k 

(L.T.forLsd)Lsi$-24'‘ 
fS.T. forLs.l)Ls-,B' 24* 
(LC forUdiU ! Q - 24* 


Solution 
Os- 24'’ 

Ac- 42° 

U -175.00 
i>c-.7°59.2' 
Uc - 27.58' 

Xc --196.52' 
P ■- 6.94' 

A ^ 99.42' 
Es ’103.70' 

Ts - 345.09' 
L.T.= 134.58' 
ST-- 67.80' 

LC. -198.44 


KUAU5 - FUNCTIONS OF TRANSITION FOR Ls 

Tci/f ^fg ^ ^ fon,i;co 6, LorLs. See Pcel-Hf^r use of Table. 


e 

0 

i 

2 

3 

4 

5 

6 

7‘ 

8 

^ 

10 

I r 

-121 

13 ° 

-JAl 

-LSI 

16 ° 

n° 

15 ° 

19° 

20 ° 

2r 

22 ° 

23° 

24° 

25° 

26° 

27° 

29° 

30° 

32 ° 

33° 

34° 


I 


3_6 

37 

38 

39 

40 
4/' 

42 

43 

44 

45 

4g 

47' 

48 

49 
50‘ 


I P 
.00000 
.00146 
. 002 9 ! 

. 00435 
~. OOSdF 

■00727 

.00872 

. 0 ! 0 ! Q 
.01163 

.01303 
.0 14 53 
.0/593 
. 0/743 
.0/387 
A 2 032 
.02/76 
. 0 2 320 
. 0 246 5 
. 0 2 608 
.02752 
. 02896 

.03040 
. 03/83 
03 3 26 
. 03469 
. 036 / / 

. 03 753 
. 03396 
. 04 037 

. 04/79 
. 0432/ 

. 04 462 ' 
. 04 602 
. 0 4 743 ' 
■ 04833 
1 05023 ' 
. 05/63 
. 0530/ 

. 0 544 / 

. 0557 9 ~ 
.057/8 ' 
. 0 5355 ' 
■ 05993 
.06/30 ^ 
. 06267 ^ 
■ 06403 
. 06538 ~ 
.06674 ~ 
. 06309 . 
. 06944 
.07078 “ 


k 

. 50000 
. 499 99 


X 

/. 00 OOP 
.9 9 9 97 


0 0 000 
0 0 582 


L.T. 

66667 


49632 
4960 5 
49 57 6 


493 49 
493 / 3 
49 2 76 


49/99 
49/59 
49 / / 3 
490 7 5 
490 3 2 
4693 0 
489 4 5 
439 00 
4885 2 
488 0 5 


. 49998 

.9 9 9 88 

.01/63 

.6 66 7 / 

.49995 

.99973 

.0/745 

\ .66676 

.49992 

\ .9995/ 

. 0 2326 

. 66684 

.499 81 

.99924 

.02907 

. 66693 

.49981 

! .998 9 0 

. 03488 

. 66 7 05 

.49975 

.9985 / 

. 04068 

.66 7 /9 

.49967 

■99805 

. 04648 

. 66 735 

.499 59 

.99754 

. 0 5221 

. 66 753 

. 49949 

.9969 6 

. 05805 

. 66 773 \ 

. 49939 

.99632 

. 06 363 

. 6 6 736 

.49921 

■ 99 56 2 

.06959 

-66821 

. 499 /4 

. 99486 

. 07535 

.66 841 

. 4990 / 

.99405 

.O8//0 

.6 6877 

.49886 

.993 / 7 1 

. 08684 

. 6 69 08 

.49870 

■ ■" . 

.99 2 23 

. 09257 

6 69 4/ 

.49654 

.99 123 

. 098 28 ' 

.6 6977 

■ 49336 

.990/8 \ 

. / 0398 : 

.6 70/5 

. 498 / 7 
. 49798 

. 49777 

.98 9 06 
.98 788 
.9866 5 

. / 0961 j 
.// 535 • 

. / 2/ 0! \ 

.67055 

.67091 

.67/42 

.49755 

.93 536 

. / 2665 

.6 7/89 

.49733 

.9 84 0 / \ 

. / 3 228 

.61238 

.49709 

.98 260 : 

. 13 769 \ 

.67290 

. 496 8 4 

.98 1/3 

. /4348 

.6 7344 


.97 9 60 
.97802 

A I 63_& 
.97469 


4 9 5 / 6 .97 / / 2 

49484 .96926 

49452 ' . 9 6 73 3 
~494/9 .96 5 36 


.96/24 
■ 9 5 9 ) 0 
. 95 69 0 
.9 546 6 
. 952 35 
.950 0 0 
.947 5 9 
.94 5/3 
.94 262 
940 0 3 
.9374 4 
.9347 7 
.9 3 20 6 
.92 930 
.92649 


/ 4 905 
/ 54 6 / 
[6 0 [4 

' /6~565 
/ 7 / / 4 
/ 766/ 

/ 8 206 

1 8 746 

1 9 288 
/ 9826 
2036/ 
20893 
2/423 
2/949 


6 74 00 

6 7459 

6 7 52 0_ 
6 75 84 
6 7 650 
6 7 7 /9 
6 7 7 9 0 
6 7 8 63 
67 939 
6 80/8 
68/00 
63/84 
6827 ! 

6 6 360 


S.T. 

L. C. 

e 

■ 33333 

/■ 0 0000 

0° 

. 33 334 

.99999 

r 

.33337 
. 33342 

.9999 5 
.99 9 88 

2° 

3° 

. 33349 

.99978 

4“ 1 

. 33358 

99966 

5° 

. 33 368 

.9995/ 

6° 

.33381 

.99934 

7° 

. 33395 

.99 9 /3 

3° 1 

. 334 / 2 

. 99 8 90 

9° 1 

. 33430 

.99865 

/0° 

. 3345/ 

.99836 

//° 

.33473 

.99805 

12° 

. 33498 

.9977/ 

/3° 

.33524 

.99735 

/4° 1 

.33553 

. 9 9696 

/5° 

. 33583 

. 9 9 654 

/6° 

.336/5 

.99609\ 

/7° 

■ 33650 

99562\ 

/8° 

.33687 

.995/2 

/9 1 

. 33 72 5 

. 99460 

20° 

. 3 3 766 

. 9 9404 

2/° 

\. 33 809 

. 99346\ 

22° 

33 854 

. 99286 

23° 

.33 90/ 

.99222 

24° 

. 33 950 

.99/57 

25° 

. 3400/ 

. 99038 

26° 

34 055 

. 990/7 

21° 

.341// 

. 98943 

23° 

.34/69 

. 38866 

29° 

.34 229 

.98767 

30 ° 

.34 292 

-- — 

.98105 

31 ° 1 


2 2 994 


24 028 

24 540 
2 5049 


2 60 57 


. 27 052 


_e_ 7 363 .34424 
67939 .34493 
680/8 .34565 
68/00 34640 

63/34 .347/7 
68271 .3479 6 

68360 .34818 
684 52 .34962 
68547 .35049 
68645 .35/39 
68743 .35232 
68850 ~ 35 32 7 
68951 .35424 
69066 . 35525 
69 / 79^ .35629 
6 9 295 3.5 7^3 

694/4 .35644 
69536 .35957 


* rronsi/ion Curves for Hig/.aja us bu Joseph Barn^A p n ^ 


. 9862/ 

- 93534 

. 98444 

.9335/ 

. 9825 1 

. 98/59 
. 98059 
. 97956 
.97 8 5/ 

. 9 1 743 
. 97 632 

■ 97 5/9 
.97404 
. 97 285 
.97/65 
■97041 
■969/6 

■ 96 787 
.96656 


32 

33 

34 

35 

36 

AA 

38 

39 

40 

All 

42 ' 

43 

44 

45 

AAl 

All 

ASl 

49 ' 

50 ° 
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ROADS- FUNCTIONS OFCURVE5TRAN5ITIONALT}|ROUGHOUT 


TABLEA- TANGENTS AND EXTERNALS FORLs'l 



// 

_/r 

13 

U 

15 

16 

n 

~T6 

19 

20 

21 

22 

23 

24 

25 

26 
27 
23 

29 

30 

3! 

32 

JJ 

34 

35 

36 

37 


/. 00144 


0.02332 


0.026 25 


’.00216 

,'.DC 2 57 

LOO 3 02 
1 . 00350 

00402 
/■ 00 458 
/.00 5I6 

/. 00 58! 
/■ 00648 

i.ootTV 

LOO 194 
L 003 73 
L00955 
1.01042 
/.0//32 
1.0! 2 26 

I. 01324 

J. 0!427 

/. 0/533 

1.0 1644 

/■ on 5 8 

!. Old 77 
/. 0 2000 
/. 0212 a 

1.02260 
/■ 02396 
/. 02537 


0.03213 

0.03507 

O. 03 8 02 
0.04 0 98 

0.04 3 96 
0.04693 
O. 0499 2 

0. 05292 
0. 05593 
0.05895 
0. 06198 
0.06502 ' 
0.06308 
0.01 ! 15 
~0.07424 
0.0 7 734 
0.0e04'5~ 
0.08358 

0.06674 

0.06990 

0.09309 

0.09630 

0.099 52 

0.10217 

0. 106 04 
0.1093 3 
0.112 65 


A" Ts 


' 6‘ '.00064 

0.0/741 

7 ,.000 57 

0.02040 






/. 02682 


1.02632 


1.02967 


41 7.03/46 


42 1.03310 


43 1.03479 

44 /. 03653 

4 5 j.osesi 

46 /. 040/5 

41 J. 04204 
4 3 1.04399 

49 7.0 4593 

50 7.043 04 

57 7.050/4 

52 7.05230 

55 7.05452 

54 7.0563 0 

55 7.059/3 

56 7.06 753 

57 7.0 6399 

58 7. 0665/ 

59 7.06 909 

60 7.07/74 

g/ 7.07446 
<62 7.07124 

6 3 7. 080/0 

6 4 7.08302 

45 7.06602 

66 7.08909 

67 7.09223 

48 7.09546 

7.098 76 


£s 


0. 1/599 


0. //936 


O. 72 2 15 


0.72 6/7 


0.12962 


0./3309 
O. /3660 

0.140/2 

0.14370 

0./4 730 
0./5 094 
0./5460 

0.1583/ 
0.76 2 06 
0.76 5 8 4 
0.76 9 6 6 
0.77352 
0.77742 

0.78/37 

0.73536 

0.78940 

0. 79348 

0.79 70 2 

0.20/d T~ 

0. 20 6 04 
0.2/034 

0.2/4 68 
0.27 9 0 8 
0.22355 
0.228 07 
0. 23 26 6 
0.237 37 




70* 


7/ 



75 



75 

16 

77 

78 

79 

80 

AL 

8Z 

83 

84 


Ts 


/. 702/4 


7. 70567 


/. 709/1 


1.1/281 


1.1/654 


1 . 12036 
7.7 2427 

1.728 28 
1.13240 

1.7366/ 

7.74 092 
7.74535 
7.74988 
■7.75453 

7.75 9 30 


£■, 


0. 24203 


0.24637 


0.25/67 


0. 250,60 


0. 26/61 
0. 2 6 60 9 

0.27136 
0.27710 
0. 26 2 44 

0.28166 
0.29337 
0.298 98 

0.30468 

0.31048 

0.31639 


8G 

1.16919 

0.32854 

67 

1.17433 

0.33 4 78 

88 

7.17960 

0.34 ns 

89 

1.78500 

0.34763 

90 

7.79 054 

0.35425 

91 

7.79 623 

0.36099 

92 

7.20207 

0.36788 

93 

7.20806 

0.37490 

94 1 

7.2742/ 

0.38207 

95 1 

7.22052 

0.38940 

96 

i. 

7.22700 

0.39668 

97 

1.23366 

0.40453 

98 

i.24050 1 

0.41234 

99 

/. 24 753 

0.42034 

100 

1.25475 

0.42852 1 


V - d/s f once, to determine o cur^e 

trans/tional throughout 

7 ^ £r)ter Table A at knourn A and read Ts tEs values. 

< = 2 2 :..S 5 ■ A ■ /£$ ya/ue on d 7 s= Is • Tor) gent va/ue, 

— - d ) />■/• or Ls- Vts ya/ue °od Es’^ Ls' Externa! v'a/ue. 


i 4M\ 











Z^S 


^P'ro! loi^Quf ty offsefs or 
(^er/^cHons-sanrye os for spirai 
Erans/f/ons to o circular curve. 

FIG. B 


’ 5 piroJ 
same on 
this side. 


8dcpfrd from Trgns/Hon Curves for H/g/^u^ays by Joseph BarnetK R R.A. 


Example 

Given; J . ic* and Es = 40'. 

Required; ds, L.T,S.T.. Dc.P ond /,. 

So/uf/on: Is = 40 f 0. 08990 444.9' sou 445' 

/.0/G44 x445 - 452.32'. 8s‘ j- /S'". C^- 6.47' 

L T.z 0.66903x445 ^ 297.74'. 5.r.=^0.33553x445‘ 149J/' 
P-- 0.02/16x445 -- 9.68' . /< =.49336 x 445 = Z2/.99'. 















ROADS 
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SUPERELEVATION & WIDENING-! 


The s/ape oTihe ouh^rGc/oe of 

/n tespea/ /o profi/e 

of shoe * ' . ^ . r 

I /r> 


'cJr cular 


NOTE*, Table C- Pg 5-51 

fon x^a/ues of 
or bo form a /a 


\ 


\ 


\ 


0 


0^ 




X 


ffiOm superetevof 

' wv/ge/?^ 

A ^ 


A 


/ 


vS 


:--iXvr 




X 






s.c 




\ 


\ 


0 




Ve3 


V 


aS' 


o> 




✓ 














A 


e 


\ 


m 








Ol 


9 

u 


y 


y 


<S> 


<5^, 




X 


\ 










0 


Curves of f 
Carves c 


.o 


.0' c 


> 


vV5^ 


o/' under ro^a/re no sapere/evof/or? 
or under retfa/re no frons/hhn sp/rof. 

PLAN OF 

SUPERELEVATION AND WIDENlNfi 


O 'X. 




:p 






\ 


vS' ^ 


\ 




Section A- A 


Norma! 
section — - - - 






Shoiz/der mo^ he 
Super e/e VQ^ed on 

de passed 'U "/o '/s'- 1' Normal 

section 


Section A~A 
1' 

s 


r 


W 


rAcc ^ou be 

Xrotated about 4. 


CASEH 


CSuperele\/afion may be rotated obouf inside 

[edge, Preferred in cut sections. 


SUPERELEVATION- SECTION?; 


m 




Widen i 


mg 


/u 


rC 


p avenT ^ 


n? 




Widen 


mg 


A void reverre arve 

^hfhis point. 


Widen 


/ 


/ 


\ 


/ 


CASE 




May be widened on inside 

and outside. 


/ 


CASE 


V 


WIDENING-Pl AN 


widened or 
only. Usual method . 


mst 


Pavement 


Divided highway 


Shoulder depress 
y 4 ''to'/ 2 ”: r m heavy 
Snow fail areas'. 

Cross 


Depr-cssed /^^d/ary Sfr/p> 

^oavy snoH/ fa // ctrGOS . 

i Shoa/der r/ope 

Pa veVnen f r same as pavem enf, 

/ower side* 


CASE I 

section may be rotated about t of divided highway. 


CASE IT 

Cross-section may be rotated about <t of each pavement 
<L grades may be same or different efe vafions. 

SUPERELEVATION ON DIVIDED HiGHWAYS 

Use method suited to local cond it ions and droinoge. 

; J Po/icy^ on //iyhtway 77/p^^ Oesi^rf Standard /hr //iphways A. >/■ d, O. 
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ROADS 


SUPERELEVATION 6- l/VIDENING-2 


TABLE A 



REQUIRED SUPERELEVATION AND WIDENING 


H. \ 50 M.P.H 


W 


O Vf. P. H, I 70 M. P. H. 


S I w 5 tv 


5729.56 
2664 79 
/969 56 

: 432 . 39 

^ ♦ — ^ ^ 

/ 45.92 
954 93 
6 / 6 . 5 / 
1 ‘6.20 
636.62 
512. 96 
520.81 


IQ 
1 1 


. 0 ! 
.01 
.02 
. 02 
.05 
.05 
.04 
.OJ^ 
05 
■ 06 
. 06 


417.46 12 07 


440 , 74 I 5 
403 . 26 f 4 

361.97 15 

355 . 10 f 6 

337 03 ~n 
315.31 18 

30 J. 56~79 

2 86 . 48 20 
272.84 ~ 1 T 
260 44 22 

249 . a ~ 23 


07 

08 
09 
09 

JO 

JO 

JO 

JO 

JO 

/o 

JO 


■ 0 ( 
.02 
. 03 
04 
. 05 
06 

07 

08 
09 
JO 
JO 
IQ 
JO 


. w 


.02 
. 03 
.05 
. 06 

. 06 
. iO 
■ JO 
. JO 

~To 


02 

05 

07 

09 

JO 

10 


. 03 
. 06 
.09 
. IO 


QO M. P. H. 


rs^ w 

■ 04 2 

. 06 2 
.125 2 


OM pH. MOOmIpTu 

5 I W ~S I iv~ 

.05 ' 2 . . 01 2 

.10 2 I./ 25 I 2 


125 


LEGEND 


2 . JO 2 radius of curve in feet 

2 JO 3 D= degree of curve 
~2 superelevation in feet per foot 

- — of width (For conversion ;.0 

£— W= total widening in feet for 22- 2 hne 

2 pavement 

2 Based on formula for superelevation : 

3 S- 0.067^ ~ 5^ f/-) i/v f c ^ 

S= su perelevation in feet per foot 
V- design speed m.p.h. 

R= radius of curve in feet 

impje f = Si<fe fr/cA/on 5oc for = o. IG for GO rr.p . h. &■ /ess 

G i VQ n O- /or' 'TO fn. p. h. 

Design speed 40 m.p.h. and d‘‘curve 

m » a ^ 



S- superelevation in feet per foot 
Solution : 

By fable 5=0.03' 


m 


— — — - — — NOTE^. O.IO foot per foot is maximum superelevation in 

35^.73 1 24 \. jo\ 4 areas subject to jce and sleet C0.03 per A.A. 5 .H.O.) 

//d areos no/ su^ectfo’icJTr^/eZ.^.n^^^^ 

RT and widening from RC. to 

Ur widening of curves fiaf- 

up.h. and 6 - for IFm p h 70 m.p t,, 5 ‘ for eOm.p t., T for 40 

minimum cu rv e radii - -S- not O' /i.r 0,10 p^nT or., rnr' x . I 

3 b SPEED ~ MILES P£P H OUR. 

m'h safz RADIUS 'r ~ 232 ' ZTr rrnrr -— 'QO 

ffAx. DEG. OF CURVE P' J 9 4 9 ’ 2 , 714 ' 3,12 2 ' 

^Adopf^d from Tronsit/hr Curves for H/a5~ ^ ^ ^ I 5 2,/ /. 5 

Po^errenf Maaao/, for /for o' ^ Corcrefe 


l 




roads 


GRADIENTS 


speech or po^ /ooc^ a'ras/,caM</ 

rec/acec/ or, sas/a/ne<^ 9roares o^over SYo, 


J^ec/c/c//hn o^grac/es of/eST S% /s 

no/ kvarrar7^<S<y /or poss^nger /ro/P/ 'c on/n. 

i 7 ' 


; 

C OMMERCIAL VEHICLES . PASSENGER VEHICLES. 

gra^ ^oS %. s^s.^o/ne/ oroa'es .0 // 7-^/." ^ 

foa% Z/,i^o ^ on ^jxe^ Jrorr/c for oo/-omoA//e /roff/c S ^^sf/f/eef. 60,^ ever 

roacYs yv/jcr^ ^rorfes con ^ofAerec/aoeef fa 3 %. bg fh e r? e e for so fefi/\ 

Vi and aa/omnb//es. 

faa bhe max/ °° 'Z and areas sabjeef fo freg^enf fee , snow, s.'eef and 

fog f-be mox,rr,arn safe Susfo/ned grade fs aboaf S °'o :^or a// veblc/es. 

F16.A- MAXIMUM SUSTAINED GRADES.* 


/ 

4 y 

I ■.: 


\00 


/przrzz. — — ^Tsg Lg ,- ^ 

PoroJ/e/ o^/VaT^ — — — ^ 

Ine m/n/ma.no grac/e /or gooc/ o///oh 
dro/dage /s 0 . 50 %. / Yo'/s preferab/c and 
O^^S/o /I? /^c o/so/cf/e rr 7 /n/rr 7 c/rT 7 . 
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1 % ‘fo 3 /o - 3 oc/</ea dif'ches- 
^YofoSyo - 0 /}ch checks^ Soc/ 
or pov€i/ c///ch of c-oncre/e, 

6 / /urn- or ruS 3 /c 0 


6 A 
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lOO’ 


5 ///y So/Vs i^/// eroc/e on grac/es aver ! % 
Mos/ so/Vs *y/// eroc/e ov? grc?</es oven 
See TaS/e A' Pg . 3 - 09 /or cf o/a 0 . 7 ve/ocf//es, 

FIG.C -MAXIMUM DITCH GRADES. 


The 5 fee_ o esh g.^c-a es o o 
e x/sf.'np pave/ //g.h ^ ags o.' 

S/ree/s .h /ne USA a^e 

/o f 2 /o for high v/aps one/ 
SO/o/oSlTo for L/rSar? 
s.*r ee/s. 


The ave.^ape Co -r^ nn c rc/a .' ve.h/c /e con oscena 
a Can//f 7 vaus /Z% graUe /n ioib/ gear : use on /y 
far ramps, access, c/r/ve x^aus, 

FI6.D-AB5QLUTE MAXIMUM GRADE. 


.At/ver<^ Orac/e 








7 








XvS 


’ — 

A grac/c s.^/h/crr is Con/rorg /o //?e genera/ 

A/Se or /h// bc/iveen /er m inais is an a/verse grac/e 

one/ s/yoa/c/ <o'yo/c/ec/ yv^/en prcrc/fccrh/G 

3 ec<acJse a/^ rv (OS /ec/ emerg^. 

FI6.E- ADVERSE GRADES. 
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'cOfffpensaTe fhe 
r/''' grade jf proo'e is 

/ff over S’°,o on Corves 
» 

under 300 Pod. hy redoc/ng 
/he g^ac/e 0 5/'- for each 
30 'ofraa . /t’SS /her 300 ' 


(Comd/rrec/ n?ax/m a m (Curve One/ crerea-d 
Shou/tf 3e avoia/ea'' // o/ o// o -acZ/ccyS /s] 

FIG. F-6RADE CQMPFM.S ATION 


TABLE G-LIST OF PHYSICAL GRADE CONTROL POINTS. 

I EJevo/zon of&xis/irg Sprepased /n/ersec/zhg roads, G-f/eva/hn af gr-ac/nd rva./er /an. e. 

s/tee/s, Ar/dges^sepcfro/ians S- rni/raocA /rach^, 7- Ons/aS/e so// s./a.'^a 3 roc.6 or /edne e/e\, a//ar 7 . 

2>f//p/7 PVo/or o/ s/r&arns,sy/cr/77ps S /oyv/ging (areas. S- Co/ and /}// ha/once* c/a no/ s^acr if/ce c/es/g 
3A^<cess /c <0(d/ocenE icj//d/r>gs 3^ a.-aper/ies. Cr//er/<7 /o 3u/(?r?c'e gu.can// //<es. 

A May/mc/nn groed/en/ }^f /ppe o/^/rerffe Byc*e<cA;<d- acav/er a ver ecu. l er /s . 
s.5 /gdf d/ s/canae a/ sogs^sanamr/s 3- cn./ersec/va ns. II 3 no drf //-/ha arras ^ 'n Z/Ju ^ j 1/ 

*~Xe f Gr endd/Avbhc fioaas. Vo/ 23 . 5 /? 3 ,a 7 r^~S~ 0 // tr no aS. foixJ s'V^'f>nfd ,^xTZ ^nxyes — ~ cyiw ^ e^.xng /aao //o n . 

* -» Pa/srertcc : Cjnereie pa^em^enf .'vt.^nuo/^ Ecmcr?/ ysroc. ■ t. 


7 Uns.^ah/e soZ/s./a.-^a 3 roc .6 or /code e/ei a/Zan. 

6 - Co/ and //// ha/once; da no/ s^dcr if/ce c/es'‘/c 
Cr/Zer/o fo EcaZe/ncre gu.(yr7////es. 

9 Adp^uaZe <ro»ver aver cru/i er/s . 
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f/e^igh^ of Object 


L/ne of SJi 




^ Prof//e. of ^oacf. 


ffor? Poss/r?Q S/ahf D/sfar7CB 


( 3 afc 5 fopp/ng D/sfance,) 
ss/r?Q 3 /Qhf D/s /anae , . 


PROFILE. 


Pass/ng S/g/?/- D/sfc^/ycB 


T^fyre^e Zor?e P/ff/7i/va^ 



V-JO 


P€ 7 ss/r 7 g S/< 7 /?f D/sfcr^cc. 

Tpv'o Lar?^^ ff/p/itA/c/^ 




V - Design Speed. 
y-IO-Dcsign Speed minus 10 m.p. h. 


FJ 6 - A-VERTICAL SIGHT DlSTAKir pg, + 

On fhre-e lane h/ghu^ays oppos/ny /ro/‘/'/c Shat//a' Se. .res^rJc^ec 

us/ng can fe-r Jane, ^n poss/ny zones hy pavement marA^/ngs 


^]qhJ__PjsJanc<z - 3 




"1 


Ohject 




gf_ 


m 


Pac// as 

s - 

m = 0/5 


o f Cc/rve rega/reef - 


Sfr> 




Eye, 


^ (arre e. E/'o /77 ^ io oAs/yc/ci/o/i . 


locai/on of obsirac^/o/j 
S/ope. /n cuf^ 4.5'abo\Ae ^ 


or 


PLAN VIEW 


FIG.B- HORIZONTAL SIGHT DISTANCE 


~rA&L£. 

OjSS/Gb/^O 


3o m. p. h. 
40 m- p. h. 

So m. p . h. 
GO m. p. h. 
70 m.p. h. 
30 m. p. h. 
m. p. h. 

Ipo m. p. h. 


' P~ minimum VERT tCAL. HORIZONTAL 
_PASSi NG- PRo\'ia£ A S orrs// AS /=>JZAcr/aAAi. 

y I T-HJess y 

^p£Sr/ZA3/,£^\ASSc>^iy7-^ I ^ 1 


goo Feet 
I loo Feet 
76 00 Fe e / 
23 >oo Fee^ 
B2oo Feet 


Soo Feef 
Boo Feef 
} 4oo Feet 
2 / 00 Fe^ 
2 BooFeei' 


SIGHT distances, t 

^ s / A/G 

__ P/eo A 7- A7.L Pa/A/rs 

OA/ ALl, U/G/A 


I log Fe^ 
fSoo Feet 
2000 Feef 


I3oo Feef 
/ &QO Fee/ 


Cor>crc.fe Pt^vem^nF Fi^ancfo/ - p, c. A , 

^ A PolJcy on S/pAf o /stance for ///pp 


330 Feet 
415 feef 


730 Feet 


i 2oo Feet 


A. 4. 5 . MO. 





5- Sight Distance - Feet S= Sight Distance -Feet 
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Exam ple 


L 


2500 


Given : 

Design speed cossume 50m. p.h.), 

% of intersecting grades. 
Req uired : 

Length of vertical curve for 
non- passing sight distance. 
Solution : 

Non- passing sight distance 
from table on Page 3 -Go ^350 ft 

Algebraic diff=-h4.-(-Z)-8 
Determine L from chart^lOOft 


0 500 JQQO J^OQ 2000 

Z.= Length of Vertical Curve- Feet 
Formula: 

WhenS>L WhenS^L S=3.82^ 

FIG, A- NON-PASSING SIGHT DISTANCE CHART* 


A = a/gebraic chff of grades^ ioo. 


3000 


Height of eye and height of object 4^. 5 feet 
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500 


OVL: 
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/ 


1500 


Exam ple 






L 


2500 3000 


Given ; 

Design speed (assume 40m p.h). 

of infersecfmg grades. 

Type of road (assume two- lane) 
Req uired : 

Length of vertical curve for 
passing sigh! distance. 
Solution : 

Passing sight distance from 
Table C , Page 3 - Go = noo feet 
A Igebraic dif f = 12- (-2) = 4 
Determine L from chart = 1350 ft 


L= Length of Vertical Curve- Feet 
Formula : 

When S^L | When S< 


VF 


A ^d/geSrcr/c ct/fP. graWes -^lOO. 


. FIG. B- PASSING SIGHT DISTANCE CHART 

Adapted from A Policy on Sight Distance for Highways , A.A.SH.O. 
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ROADS 


SIGHT DISTANCE 
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' 'V 


^1 ♦ h 


Low point of Ov«rpo«^ . 

f V.’r-f cieor. of 

I ( u^d«^r pn?.S *n 

f ^ r— 4, j: 

‘m r - 




S (Sight diston ce) 

Height of , overp*s» 


ege 


Ifert cleor.of 
underpass in 


Height of 
object 


L'2 


y2 




72 


L/2 


CASE I - sight D'STANCE greater than length or 

VERTICAL CURVE, Oft S»L 


PASSING 

Formula : (Based an C- J4'- 6'1 h = 4- 6'\ h, = 4-6~) 

Z.= 25- ^ (where "S" is m lOO' siafions) 
Example : 

Given : 6 ACalgeb. diff=8) 

Required : Lengfh of vertical curve, "L 
Solufion : L^/2-^ = 2 (/OO'cla.) 

NON- PASSING 

Po rm u la : C Based on C- /4'-6" h- 4-6" 6 ") 

L-2S-^ 


CASE n - 


SIGHT distance: LCS5 THAN LCNGTH OF 
VERTICAL CURVE, OR S<L 


PASSING 

Form u la : (Based on C=/4-6",h-4-6'\ h,= 4'-6") 
L - (where "S"is in 1 00' stall on s) 




Given.: 5-11, ACalgeb. diff)- 8 

R^quir^d: Length of vertical curve "C 

Solution : L--^L^^ = I2.I r/OO'sta.) 

NON - PASSING 

ormula : ( Based on C- /4- 6" h= 4-6" h, = 6") 


Given : S- 8, A-d 

Req uired : Length of vertical curve^ Z" 

Solution : L^!6-^ = 4 CiOO' stn ) 


iven : S=/3, A^3 

eq uired : Length of vertical curve, “L". 


Solution : L = f^t^ = l4.oa C/00' sta.) 


fig. A -SIGHT DISTANCE AT UNDERPA. S S 


A » A!get?'3 D'”?'?’’:? 
ifi o/iOes 

i 0' Vertical . 

Cwr.e in 100' Sta^ 

- SigM D s’d^'CC in 100' SiotionS 

When - : 5 : - ' 5 . 






— O'^tance 
Beorn — \ 

h~~/- 




Design Sghl 
Speed Otslance 

Ml per Mf ,n Feet 


! ' 200 


-- ■2 S' 


Sag VerhcalCu'^c 


27b 

350 

475 

600 



/¥ 


4 - 






£i(Qi mbd fl 


'<5/ A 
'A y. 2^ 








iOO 200 300 400 500 600 700 800 900 1000 1100 1700 1300 1400 

Length or VeMio! Curve n Fecf 


Example /. - S-^L 

Given : Design speed- 50 m.p.h. 
and A - S 

R^ ulred : Sight distance and 
length of vertical curve, “C 
Solution : From table, sight dis 
tance = 350 feet and from 
chanty L= 568 feet 

Example 2. -5 

Given : Design speed 60 m.p.h. 
and 4 

Required: Sight distance and 
length of vertical curve, L' 

Solution : From tab /e, sight 
distance = 475 feet and from 
chart L = 410 feet. 

Based on headlight illumination 
For safe stopping distance. 


£16. B- headlight SIGHT distan ce CHART- sag VFCIT-,,-ai CURVES. 
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ROADS -VERTIC/ 


3- (S3 


CURVES (Parabol Ic) 


Fonnoulas 

A= A^ebraic difference of grades^ +g,%-(- gzy^) 

E xample 
Given: 

g,7o = f 3.0070, -2.00%; L =3.00; 1= 0. 50 \ 

Required: 

A, e and d. 

Solution: 

A= 3.00- (-2.00)= 5.00 

e= & 2>0 x3. OQ = ! qj^‘ 

A/so- d= d. (/. a 75)(§^)2 = 0. 208 ' 


Qj 


P, 


L i 

1 

■zy\ 

K 

Q: 

L 

2 



— -1 

L 



VERTICAL SUMMIT CURVE 

Length of vertico! summit curves should provide 
required sight distance. See page 5-Go. 

f^OTE: AH horizontal distances shown on 

expressed 

-TD friKfn c^-TA^ 'P Sfaf/ons. 

JO nU D STA . Or P.V. L W AVFfV T/OjVS 

^ ARE K/VOJVjV. ~ , T^J/iere L, /sngJh of xerJ/caJ /.r 

FormuW ~ rot c7e te rrr.ir,ecA Scg .r/ght <f, stance cwtcna 

X- — - vo/cxe fan can -7 far f /s 

Example ^ * 

Given: 

Eley. P,=/5d. 50, EJev. Pz- 150. 00 ■ A = 5. 00 
Required: 

X’^ distance in /OO' stations from known point to P.V. I 
Solution:, 

= 0.90 dOO' stations) 

TO FIND Low P OINT ON 5/4(5 CURVE 

Fo rm u las 

x=g (lesser gradient) t= 
d (at tow point) = ^ 

Example 
Given: 

9i7o = -3.00%; gs = -J-2.00%; L=3.00 A = 5 00 
Required: ' 

X and d 
Solution: 


ISd. 50-/50.00 
5.00 




point 


'Q2 


VERTICAL SAG CURVE 

Length of vertical sag curve should 
provide head! ig ht illumination for a 

fun-rp' -j. Safe stopping distance. See page 3- GZ. 

NOTE, ttigh point on summit curve can be found by same method. ^ 

FIG. A- SYMMETRICAL VERTICAL CURVES. 


X- 2 . 00 X - 1.20 

d - ^‘QQ - / 20 ' 


Formuios 
Given: 

Requii^ed^ Z,=i! 50^jt,^a50;x2=iog 

e, y, and y 2 
3o/uf/on: 

^ ‘ MsoJtsi) C3. 00+2. 00) = 2. 35' 


S0-h2. 

35(f^)^ 

■35(^J^ 


yp- 


fz 


FIG.B- UNSYMMETRICAL VERTICAL CURVES. 

, , Used to fit unusual conditions 

From, O' Rourke_, General Engineering k^ndbook , Gr^^- p,ii. 
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Ax/e or Jv/9ee/ /oarX. 


PANEL OR. delivery 


VAN TYPE TRACTOR 5EMI - TRA] LEr] TRAILER ~ 
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FIG. A- D1MEN5ION5 OF MOTOR VEHICLES.* 

-'••^^.-e o^'r Q., >-f,.7/c/e^. co^sa//- A/^//. j/sers Ca^ rer. , IVoLrAJ^c/on . JO.C. 
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Pofh of Overhang. 
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dItMin. 90"^ 


MINIM UM_DE^R ABLE RADII. 


^^es/p/7 Trt/ck 
. or 5cy^. 


* A V/b// of Overhang. 

\ I jAPofh of /cfZ 

^ f f/hee!- 


RADII - SHARPEST RlflHT TURKI. 


FIG. B T URNING RAD II FOR MOTOR VEHICLES** 

— ^ ■ ->rcrsec/^o,7s aPen^e ^j-s<,c. .r/a/e orr/c/o/r. 


ROADS 


3-e5 


intersections 


GRADE 


h o'' .«<' 



‘’T 


S Q- 



ySO° mirt ■ 
for 

o//- pove<^ 



Nicf-fh - Table £> 
Radius - Table E 


dnler/or 

Radius 
Table D. 

^LL- P AVED CROSSING rpns' 

7/ / ■ SV a — »_»■•■■ nrw^i u 

Note:- [T/se t^bere lurmna v 

Orades - Approach number over 15 per 

Roads - Ad inbersecltons ri <^nu one 

Max. desirable = J% / \ <l^odrar>l. ) 

Mok. s^fg =C%- /A\ ,, 

island 
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ALL- PAVED T 



h/idlb t Had. 
use Tables 
5 4 e 



T WITH ^^EPARATF TURNING 



So ° min ■ 
rTor all-paved. 




Hoi a Y ) 

Ting/e 
under 
So^ use 

a 



ALL-PAVEO &RANCM 
ENo! a y ) 

dse Table O 

or fobloc 


BRANCH WITH SEPftRATT TURNING LAHF 



Os/er IS vehicles 
hour 


* dse Table Dor F. 




td/dlb 

Rod lus 

Tables B4 B. 


^ u 

^LL- PftVgp Y Y WITH separate TURWING iawfs 



CHANNELIZED Y 


A CCe/era ■Aton 

Lone 


R^ce/erol/on {(ise Table <$) 
Lane- ^ 


dse Table e for 
Radius and 
Tnjnsrhon 


Taper 




1 



Deceleration J ^cc^leralTon Lone. 

flared 

FIG. A -TYPES OF INTERSECTIONS AT GRADE. 

table 5- pavement widths for SEPARATE TURNING LANF.S. 



turning 

pavement Width for type of traffic 

Radius 

1 ' WAY 

1- WAY 

7-'HKV 


SPEED 

1 * u 

ANE t f 

2- LANE 

2- LANE 



passenger 

TRUCK 1 

PASSENGER 

TRUCK 

PASSENGER 

TRUCK 

feet 

M. P. H. 

FEET 

FEET 

FEFT 

FEET 

FCET 

FEET 

SO 

20 

14 

1 

11 

/ 9 

2S 

ZG 

■ 32 

! 00 

21 

13 

14 

n 

24 

2B 

2.1 

ISO 

37 

13 

!4 

IG 

22 

24 

2G 

200 

31 

13 

14 

IG 

22 

24 

2G 

300 

43 

12' 

i4 

lO 

1 

2! 

24 

2G 

40 0 

47 

12 

14 

IS 

20 

?4 

2G 

300 1 

51 

12 

14 

1 & 

20 

23 

2G 


bra ffi 'c 


Road A 
Road S 
Min. A II -Paved 


TRAFFIC DENSITY IN VEHICLES PER HOUR 




Flared 
ChonnellT,ed 


i/' 




TABLE D-MINIMUM RADIUS OF 
EDGE+ OF PAVEMENT FOR 


INTERIOR 

angle 

50 " 

radius, "p" 

fPASSENGER) TRAFFIC 
30 feet 

— w t ' % • t «ii« 

RADIUS, ’■ T ■' 

(truck") traffic 

50 feet 

/ 03 ® 

3 S 

G 0 

/ 2 0 ^ 

45 

1 10 

13 3 ° 

GO 

. 

9 O 

150 ° 

r— - — — 

120 

/ 5 O 


4. . • I . I » I I . I M I rAot/JUvO I rlr\A. L/( 

OF EDGE t OF PAVEMENT FOR 
VARIOUS turning 


Highway 

DESIGN SPEED 

30 

M . P- H . 

40 

M , P. H, 

Turning Speed 

?o 

30 

Mm Radius 

so' 

/30' 

Curve Degrees 


0 

Superelevation 
Feet per foot 


0.05' 

TranS! tion 


100 " 


33 


ISO' 


5? 


0 . 03 ' 


150 


40 


?S 0 ' 


23 


0. ro' 


200 ' 


SO 


SOO' 


// 


0. 10 


230 


'-'■'yc (bi/ov/ c e\rra Tor curb 

Use Table D for oU- paved m fersecf/ons. 
Use Table E for separate Turning lanes. 


Obslruchon limd 

mm.., 

06 s IruchonJ f 

< p ^ 





U” IS based ary 
safe slopping 
chslance from 
point of per- 
^ cephon to 
— i intersection. 


TABLE F- SIGHT DISTANCE RFOIliPPn 


HIGHWAY 

Design speed 

30 1 

40 

50 

00 

10 

d" Rural light troFic 

130' 

IQO' 

220* 

2G0' 

310' 

d” All other roads 

IGO' 

Z50' 

3G0' 

480' 

GIO' 


AND 


safe speed to 

MAKE TURN |N M.P.M. 


Acceleration 

Lane 


30 


Deceleration 


I2S 


I60'\ /75' 


200 ' 



R e- oh^rmen 

Major 


4. 



}f -urves R^ alianmenl?T/^^^^9l> L ongles 

if prachcab/e. 

FlQ. H ALIGNMENT If possible, roads should 

be designed or located to intersect at angles 
between (oO and 120°, Use easy, flat curves . 

Mighwag Officials fA.A.S.H.O,)^ lrJash.,D.C. 



Road 


3-6(5 


R0AD5-R0TARY INTERSECTIONS 


WIDTH OF ROTARY ROADWAY 

NUMBER 

RADIAL 

R 0 AD 5 

5 UM 0 F LANES 

WIDTH 

MIH. 

P/? 0 EABLE 

MAX. 

3 

S 

12 

24 '- 3G‘ 

4 

5 

14 

24- 43' 

5 

to 

\<B 

SO - 43' 

G 12 

la 

" ^ ■ 1 * 

30 - 48 * 


^Oc/icr/ 

Aoarc/ 

^nfrorjce 






0'^ 






H/ghes/ /^od/a/ fid Oeshn Soea! 

30 

40 

SO 

eo 

R oforg Oesign J'pecd 
[Upprox. 0-7 of Rod/ai Road). 

25 

30 

35 

40 

do Supereievat/an- 

35 

140 

215 

320 

\Supere/evoHon 0 . 06 ' /r> I' 

75 

125 

190 

710 


lA 




to 


/g o>^ Or'C>^A f r >Q 


^oc/io/ 

J^oad 


Afed/an S/r/, 


y / y . / y 


central / ISLAND 


^n 

3 hou 7 c/ nad exceec/ 40 ^± 

£n France 




^ n/roncs 


DIRECTIONAL ISLANDS. 

Roadway w/df-h o^ en/ronccs &- 
^Xfis S-^ou^d Se frorn 20 /cf32*. 

Sides of j3ioy>df ff^feroS/^ j'/roJphf^ 
Loco/e poin/s of /j/o/7ds fo lefi of t. 
Shape Is/ands ho funneJornaf'ro^ 
roods in dinec//on of hroff/c. 
f'/anh: o/I is/ands w/hh s/oplng^ 

surmounhab/e curS^, 








40 

min 


. ts fnher 

sect/ng 

Roods- 


A 


Rodiof 

Road 


Sfghh O/sfartce -oh a pprooc hi 


73 mi/e if possible, in na 
case^ t/ndensafe shopp/ng ' 
dis/once-See Table C f^. 3*60. 


Rotary Desian Speed 

25 

30 

35 

bfin- Weav/np Le/ygih 

150 

180 

400 

210 

'500 

idox. Weaving Length 

300 


Proi^fde lighted or reflecting &}gns os fol/oivs ^ cn iVorn'ino fprovid^ controsh'ng shoulders). 

Roods of opprox. 
equal frofF/c 
volume 


4 bon do ned 

A l/gnmenf’ 






R od/usi 
IS' rp inimund ) . 
too mm . pre/erre^ 


30 *min - 
preferred. 


traffic cmr\ F 


Radius 
Min. 75 ' 

Vehicles may 
feo\re rapidly 

by tangent exits. 


roadh/ag 
Alignment. 

'if 


Suitable w/iere 
the 3 roads 
have opprox.^ 
equal iroFFic^ 

/s/and 
/rtog he 

e/i/ps 


fxomple of 

opprooches 
divided by i/se 
d elongated 

isloi 


former Aii-paved 
Crossing^ changed 
to turbine rofory. 


^ iongftod/u^ _ 
for high speeds 


9 

^ idop. 




Flared term in a/ 
of median 

sfr^y 

Ro od’ 


^ IHREE^DRoiARXilV:). 


Mq/i 


\ 


bridged. 


R Or77p up , 
Mi ay. <o %r 


R Orrt p 

down 


V 












\y 

jylAJOR-MIM nD ROTARY. 

elon^c^cd /a 

fccMMe of /roff/c on major road. 




Romp down. 

Max, 8 7 o . 

Reovu through 
t roff/c not restricted. 

bridged rotary. 

Through - ^roff/c or, Viorfuc/ 

grades e/c. 


'Romp up 


\ 


f/ow 

cTbv 


p-' \of\\ 
^ ft 


0 . <v' 


ROTARY AT 


II 


rrarr/con mqiorraad 4 , l AV s / 


* 4 ^ deue/oped Ro/on/Js^ %cio^ • be 


Roiary treatment appiicd 

ia 7~ ir? te rseert/b fo . 

DiMRAMMATIC? 


oppi/e^d /<a 

'/9 


ings' ihaf 
'm.p .if.^r une/c n 
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ROADS 


5-<S7 


GRADE 


SEPARATIONS -1 


if higher rood grade is on 
Q summit i^ert/cQi Curre- 
proi//de safe passing sigh, 
d/stonce. See page 3-CO . 


Proy/de i/ium/n at/on 50% 
greater than regained 
for intersecting roods 
or street's. Seepo<ye3-39. 


i^pp roach rood grades: 
37» preferred mcy^'mum. 

G%odso/ute mojK/mum. 

Distance from deck grade 
to crest of so ff it cur ye 


'SuaJ/y J4, 

7r riaid^ 


2 'Lanes. 




I 'Lone. . 


I 


f iVidth 

T See Note. i 




if iocuer rood is on a sag yerticai 

curue, provide headiight i/iuminotion I mdth of Median Strip — 

T^or of- /eosf J fuJ/ normaf ujidth prererred- 

norroco to 4' /r>;r>/mum 

pa ssing d/sfance.See pg. 5-62. ondpgy'e. /i/f-ern a fe . 

af jnou/ders ■ J2‘-G " m/n/mijm. 

^rererad/e - Fu// ouidfd o f approach roop poi^emenf p/as u//df/o of s/^oaM^rs 
i^dso/cife m/n/mum ^2 ; 6c/f nof /ess fhon aporaocd pov’em&nf p/as 4'. 


- ■ -4 

C/oyerieaf roadf ramp^ 

turning iane or sery/ce 
rood. 


^ ^ I • 

4 'M,hi/nunn for uia//<ujays (/S" for ’safetycur 6 ). 

5ee 5ec.A-A.fioA.Daoei-&8/br minimu/r, unq/h secf/on. 
\ ^_22’Min.- 2 Lanes. , 22 H/n.- 2 /ane'^ ' 

r orpos^em^nJ-pJosP T7-0"- minimum ui<dfh ' 


PoiUng heigh f rot 
less than 2* (o ‘’obo\/e 


on no/ /ess /horr 
Roilino y <s6oyer/c/e^a/ik 

/ess yy/d/h /oyCf 
ro//- ^ 


SECTION A-A 


FIG, A • 


SEPARATION 


HIGHIA/AY OVER HIGH WAV 


_TABLE B- CHECK LIST FOR ALL TYPES OF GRADE SEPAR ATin tMi^ 

Minimum Angle Of 45° - PreFerred. ^ ^ 

CROSSING. 30 °-Absolufe /4/n/mum. Median Strip Width. ^ W^’. 


Approach Alignment. 

Horizontal Clearance ■ 
Roaos, 

Vertical Clearance. 

Grades. Approach 
Ramp 

Sight Dista.nce. 
Highway loading. 


Curves under 4 °des/rad/e, 
<2 ’m ox /mum. 

2 2 'M/nirnum for 2 /ones, 
44'A1/n/mum for 4 /on es. 

/4'-0'' for f^/ghuioys, H/m. 
2Z'-0" for ra//roads, /fin . 

JZfaS X/f/os.-£Z -/o7% abso/u/eMOi 

C Z Max, up. - 7 /o 3^ Afax. do urn. 

Safe passing preferable. 
Safe sfopp/ng Min. See pg. 3-eo 

Usuoi minimum, /f-20 for 
urbonj F i5 for rural. 


Sidewalks 


Drainage At Sag. 
Architecture. 


Illumination. 


Planting. 


5u PE REUE VAT ION, Max. ■■ 'i") normally. J Planting. 

0.031' I") subjeci to /ce^skef. 

Turning Lanes. Designed for 0.7 design 

speed of through rood. signs . 

Peferenc-es : S/an dare/ Specif/era/-/ons /br P/pPfaau Pr/'daej- 

//of /on a/ /nferrep/o/io/ ///'a/xuap <dom>m/flf< 

>lrr7e-r/aor7 d/pd Su 4. /. // e in/ 

— nrr^Gr/Ofin i / ku ap Sr7^ /r? ee n/na i4ss& 


Signs . 


Gr/oesn i^ai/py/a 




I ne s /de, rural; doth sides, urhci 
in. /S' to 24 " safety u/o Jk. 

^ay/tg pref^radie.may 
egu/re a /if t pump. 

7 harman/ze u/ith the 
urroundin g s. 

nits mounted <st buttress, 
ers end abutments. 

^oyicte 50% more 

ihting than for approact 
oocss or streets. 

and nature/. Pot' to 
obstruct y/s/on nor to 
attr act attention. 

Guide j Stop, Route Sr 
if or n in g, 

/4 ./4 ^S./i.O^^ 

c . Jdash /ng/am , D.C, 


/^SS& do f/i 


than 


5-G& 


ROADS 


GRADE SEPARATION 5 -2 


Approach /^oaa Grades 
3 % pru.oaer oes^radJe- 

5^ ceS''rob/e. 

cPso/u^e /rar/.rfur^^ 


Provide Guard Rods 

cohere e/r)banh/r>e.ni^ /s 
G f^eet high or h/gher 


o, . 


p'. 


* AHatA/ for overhang 

•5 (Set Fig. 4 -o 2 J 

^ S///iofaor SSVong, 

Ci Go [/roch Cenhen^^ 

f\ /^- O ' hiffh • j 


ec^ance ^ 'ne fa 

arge.n'* "^rcCK. 


Tbngen t Track . Curved Track, 


earar)ce L/joe for 
Curved Track,. 


/ 






t 










ROADS 


CLOVERLEAFS 


O gcg/ig cy /-/Q tone. * 

Use iAtherj so/o ^umjryg Speec/ Js 
/ess /horj 0»"7 a^GS/^r? S/^eec/ 
Z/hroc/ g/} /i/gAw ag • 

See Toy S/e G y Pg. S-GSfor /e 


Min. lO* 




.t}* 


^ r X 


L. 1'^ 


•i't' 


r- 'j 


«. .-• 






is ‘.rJ ;-. .lLL^li_JL 


/ 

' ?:'■! 


Vr>' 

v\\’‘ furn/na Lanes . 

P^OV/c/b 2 Lanes tvhen mox'im^m 

V \ ■ ^ oar/g^ /ro PP/a e-yeee SOG 

vehto/es • 

• ., 2 Lanes, 2 g\ 




V^-'- ' ••. 


\ - .■ ^ • -'^j /•« ^rv.rv. v—i'-r r ,T r 



: ;. MppT® 

. OsX^' i:-*'\//, 

■ ■ • .iX. \ ^XX,-' v*^*.// 


^Gce/eraP/o/^ La rye , 

UsG >V hen turn/ng s^eed as 

/ess /hon 0,7 dGs/gr7 speed 

o/" i/7rOugPi h/ghi^ny. 

See Tob/e <3 - P^ ,3 €Spor /errg^fy^ 


- • •T' 

/ /X. 

'li 
•* , .1, 

J:-': 

V.;' 

W 4 • 




24 S'lm 

yvrnTT 


rr.‘ 


.•a5. 


4^ 


/rQ/y/a 6 </ medon 
s/n}ps, or rsf owning kVa// 
as reger/ red 




>•. • f 


/; V \ ■ 


z^/* CfearoncG do/a 
see 'Pg, 3-^7. 


FIG. A - FULL CLOVER LEAF AT CROSSING. 


A/C» rs ; 
Oes/gn /cjrn/ng 
app/ZacoSTe 

» M ' ^ > . i 


prina/p/es aP 
cyp ^S^rcade , Pg. 3 'Q 5 . 


i-.^i 

; ' -v 




> >. 




"vO 


bled/on S/r/p 


or 



' • » • . \i 

-• ' 4'* 







* . * . . 


v;^";; .^.'v- .'■ vV'.Vj;>^Ly 


« s 


»_ • t 


/ i ...'. i • • '. .’• ■. ->■» ' ** •. •' ' 

V ^ ^ •.'■■.■■■ ^sj.*'.-.' -*A-. 

^ece/era //on /ane-~ a/Zoivs l 

_ i . ^ _ L ■*.. • .x-.' . ’ 


Peh/c/es /o s/ckv par Purn, 








Aeee/ ero/^/on Zo/? e - aZ/or/s Zvr/j/ng 
t/e/?/c/e Po ooAieve speed oP Zbroagp 
//-oPP/cr and weave /n /<? l/ne . 


* ■ '»•" 
V •** 




Min^ lOX 


t 3 ^ - .. - ✓ gjry^,. 

— i j*| -It \ • ,p?/y. ^ Pro y/de 

' V- ^<^djas for 

' • -A-' Of de^jgn spe9d^ 

fe[ \XyA-v: " •' r a 

^ Phan 

\ \ W ^ C/rc/e mop he p/oood /n 
A \ V|V: gvodron/ when /roffic 

^“4 \ilr * pf^f/*f>'rrinon//g from /he Zes/* 

\$'v ' :’■■ ^^^Zgn /orr/ng /ares /h^r 

^'4 \ V'^» ' • des/gr speed of pos/esP 

i;,y.\ \ Y^rr ’■ /hrovg/t rood w/fer pass/ h/e, 

i^-l i. 

EAF AT T. 


fcvj 

fo- 


FIG. B- PARTIAL CLOVERLEAF AT T. 

TABLE c- CHECK LIST- CLOVERLEAFS. 




VerHcoI, PorJTorrhol a m 

C/eororce a/s^/rve /vre. PS- 3- G 7. 

3% grade des/roh/e . 


< 0 ^ 0 /nox.up: 7% mox, down. 


A/ /eos/saPe s/opp//y fhfo<i 3 hotjt 


PreferoS/g H'20 or //•20-S'7G 



Pomps 



Srjdge /a od/rrg 


/vrr/ng /e rres . 
Med/on S/r/ps. 


Z/Zc/m/n a / /a r7 . 


P/on p/ryg. 


bes/g/y for 0, 7 of des/gn speed o f 
ybratyp r 

A- O *'m/rj 'mam w/d/Zy. 



A/o / Zo o6s/rc/c/ V/s/dry . 
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ROADS 


DESIGN OF PAVEMENTS - 1 


TABLE A-WHEEL LOADS FOR PAVEMENT DESK^N. 


TYPE OF HIGHWAY, STREET OR ROAD. 

Heov^ urdan roa ^es , a^oi\'n/ot^/n £>c/s//?ess T/ree^s , 

sy/e apa/Cou^/u frank //nes fhroosk cf/es ar6 on scenes, 

C.oss AA, A one/ 3 rooa^s T 'y-rofg/e oAnornro/Z^ h/ph. 

Hsovjly frave/aa/ rural rouf-a&, pri n c 0/ cUy ■S'/rffsf-S 

^fa/a an^y era un/y frank //ne roo<^s /n rurof zones. 

C/OSB 4 A,J 3 r<Doc/s /V/H4 "p "yv/ 

Roao^s or 7 aA s/rrG^/s crarr^/f^o oti/^ ac^as^/orro / /A 

j-vAee/ A- S-M O. &- p. p. A. /T 7 a 3 f//T?u/r> c^f>c//epa///^/Y 

o/*^/>«><y fror/^/c. 

c/a S 3 C Cfn< 7 ^ £) raocAs i^//h P or M ' /raPp/a . 

f^oa^s ana' sf reefs corry/n^ a (/pkf vo/arry^ o/ poesenoen 

comn^ere/a/ vekJo/eP 

C/ass S or ro op's i^/fkPorM fra/‘//c,pr/Vo/e rooc/sA afr/^ej-. 


WHEEL LOAD 

CSTATIC) 

12.0 0 o Lb. 

(85 to LOO /b./sc^./h). 

10.00 0 Lb. 

(Sofo 90 Ib./sfe. /h.). 

. T, ooo Lb. 

(70 /o as/b./sg./n.). 

4, ooo Lb. 

( €o fo 73 /b./j-^. fn. J. 


Pave^-nen/ c/es^/an /s h^setp <?/? /he A- 07/70^ P^a qc^e^/? cy, 

^esrype^e man/s are cfesLgnerf yvffk o aoPefy %/fZr 

anfy^fe^ sfress rep/f/f/oas eaaser/ An 

c^'^er/oa<a^s /P conserva//ve^ 4 / <Pes/ar 7 ecP n / ^<yrry ocaas/G/ro/ 

table B- IMPACT FAC TORS n 

wh?^CV'o"ao|h,.°p^„?s^.„,. 1...??^;?^., ^ “° n I I I I I I I I rv. 


4^000 Lbs- 
3, 000 
* * G, ooo " 

** 7,000 ■' 

6,000 

9,000 

’*io,ooo - 

12,000 


2.05 

1.50 


J.S7 


i.se 

t.43 

1.4/ 

1 • 3g 


1.70 


1.34 
1. 43 
1.57 
1.31 

1.27 

1.24 


< . iOO 
UJ <0 

§5”° 

h 2 200 

2 a '30 

z < 

o 3. 

^9: 

Ui'^ so 

a z 

h o 


• f 


'te 


.\\3 




Ires 




^ ^ ^ C 8 lO I 2 J 4 ig ig 20 

static WHEEL LOADS -THOUSAND LBS. 


I 0.5 ^ 

98 3 2 

«.9 ao 

oH 

8.0 

^ I 

86 0< 

4.0 § ^ 

9 2 
I ^ o 

' °C 


r.2± 


** 


’ ].3<o I. 24 Uruf orassurr. ir, n • f - ^'^ gg/ Jooefs jn Lbs. 

^onfoef oreo fn makes. 

--T±2i_Lj__±ii__|-2t fig. C -TIRE rnN TACTARFA.S.i>P>nN« > 


^eed 30 n.p. H., paverrrenf reosanaS/i/ 
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ROADS 


DESIGN OF PAVEMENTS-? 


^meeHoac/exerfed c^pon sarfc^a^ . 
/;Ta7/T^^ or Pavement : Sea/s i^o.e 

^ 9^ •P 6.l9aS€,rcc/occT^rcch\9e rCTfs-Zonce. 

re^cyJrec/ O^er ^ J. ‘^■/] '^ -Z^'' ^ ^"^5ub- base : Pro^ i c/ef c/ro'/noge, 

/ » 0 "ktA^ '/\f\\\‘> res/sAs frosV Peove; rerists 

^ ^ (‘4-4 ro 4-7 j ~~ ’ I f I t t I T i shr/ntoge a/n4 s i^e///ng af 

O re <7S 0/7(7 sa//s S£/Syec//o Suhgrac/e , /ncreoser si^rc/c^^c/r-a/ r^yppar/'; 

*^^9r neave a/7cr exceTT/ve rncy/s/c/r^ . 3upporp. d/s^r/Suf^s /oad^ preven /s /n P/7/ ra/ion of' 

pumping oP Su/ygro c7e * 

FIG, A- FUNCTIONS OF pave ment, BASE AND 5Ub-BASE. 

factors - selection of rigid or flexible type. 

RIQID (‘^Q^CRete) I flexible (bituminous) i 

/or/ rr7<7/r7p^^o/7C'e Cos/ / / /h - ///p/r Adop/ah/e /o s/age cons/ncycf/or? - /o tx casf 

S>o/vage^ Va/ue fs £ose f<or Pu/are re~ /ypes /rray P>e ha/7/ ^//h /oaoJ /< 7 hon, 

xd^//jg -h/gPr //s/h/Z/Zy o/yd ref/ecZ/orz /ino/er/o/s o/?d ega/p/rrerr/ - eos/Ig opened 
Of n/ghP -sprejyds Zaad o^/er hf/de area- and paZo/y ed - Zarv /n/Z/af Cos/ [excep/ 
^^9 oe p/aaed d/nec/fy on tveoA: or sondy higZ^ Zgpes)- fros/ heave and se/Z/emer?/ 
subgrades j r-es/s/s furn/ng s/resses- eas/Zy repa/rcd - res/s/p Phrm o//on oZ^ 
ancfor^aged hy a/Z orpas^ dr/p -W Zrac/Zve Zca g/a^c ~ grco/ ^or/e/a of Zapes Zo f/Z 

^GS/S ar/a^ - eo/7 be des/g/ned a/yd />aZ// C 7 v^/de range of aand/Z/o/ir • has ro Zo/r/Zp^ 

cZose Zo ZoZg rarrae s m has resJ heni riding ^gao/if/es- 

Note: di Zorn. Surfaae mag Ze pJaaed on r/p/d hose . Conor e/e mag he darkened d- hiZz/rm. 

may he Z/g/rZeryed Pn ao/e>n. 


dub 'hose r e g ij/ re d o /er ^ 

f/ne gra/ned sZZZ^ cZaa ^/ 7 </ ^ S^TT 

pZasZZc sa/Zs (4-4 Zo A-7) 

ond Tor areas and so/Zs sohyecZ /o 
rrosZ Zjeave and exceSS/ve mo/sZare . 


\^sipa‘. 


'<6 , 


* * *1 > ■ 1 ■ ,# 

S <j Jbgrade 
3 u p porZ^ 


FIG. A - FUNCTIONS OF PAVEMENT, BASE 


Z LU 

0 J 


0 

UJ 

0 

1~ 

Z 

Hi 

5 

LiJ 

> 

< 

a. 


[Q 

X 

LU 

_1 

Ll 


Q 

0 

CC 


SfL^CrrOA/r^C]^^. Use r^h/e a, P^.i-nfo sefe.^ fhe fype of 

Cons,c/sr^ o// o/ZAe foc9ars //s/^c/ Os //:>ey />er/a;^ /o /he orcj^c^scc^ r^.^c/. 

l/^l^/fSor 3A3£S. 3 user /ID/: See Po. 3 -80 for 'c 3 R 0 ^ 7 / /oo/ hear/n g 

l/o/ue rr? s>-s.i for t/or/aus So//s one/ hoses. A/So see So// rHechonJcs SecA/on ■ 

Dr5 /ga/ /w£rHODe>. 

rSAC TICAL ‘. Re^urres Ic/enff/eo/fon ofso}Js }oAo PR A group by appearance, i-exAure &■ 
S/mp/e /es/s. Use hf/gAfuay Research Aaanc/ 7^h/e 5-Pg.Z12/a c/e/erm/ne /Mehness of 
pavem enZy Z>ase and s//Z> -base needed over each sod /ypG . Cu^Zomaru seef/orps Z^r 

various C/asses of Pood s Posec/ on cons/ruc/Ion praefice ore. s/ionn an Payer J 43 b4 
/hese secr/a/7s are odeg/jaZe r/vZZ? sab- base added rvPere neaessary. 

CAUFORN/A CCBR) : Pe^ u/res fobaro/org /es/s or ossa/npf/on oPC3^ Vafue of ruhgrade 
and ovoypte base and sub- Aose mo/er/a/s. Use ^he mosf econom/ca/ cambmofan txM 
SotfS of foirrer CBR /n bo/pm layers. C3P curires shorv dlracA/y /he /afol /bichners 
needed over any subgrade Soil. The curves do nal sharv /he /hichners necessarcr Ai=r^ 

frasb heo ve prj ''erd'/an . As cur ues ore bose a/ an 60 p. 5 . L . f/re pr essure, /hi cknerr should 
be /ncreased ZO%> for y>r-essi/rcs oF So - Sap s i. 

6^ShiAl-T JUSrtTUre i Poyulrer food beor/ng /ejf or assumed bearing value of subarac/e &- 
base . Curves show Ihe bhigness of Hijh Type S/lam. povemenb needed over bore or Subgnyde. 
Moke ecorronaic pudy afpoverrrent bhickness ba lanced ago! nsh casl of base or 
ra/s/ng subgraePa haar/rjg voZ/re, 

G/?/^ YS FORmUL a : Pey u/res bearing value of subgrede by load leal or ossurnph/on 
harmu/o grves hhe lafa/ hyckness afgron^/arbo^e andpovemenb needed aversobiradr. 
yday P used /n conjunefjon ju/bh AspAxa// /nshr Au/e curves ho deherm/nc hhe base 

/7g-ec/g^ bg .suhhracArny Ahe povemy^nh hhlohn ess from hhe hohal. 

Requires load bearing hesh or ossunned hear/rrp va/ue 

a Sc/3gnads or base.. Sheehs formulas g/ve hhe povemenh hh'/chness. lake hhe 

neoresh /rich or Vz /nch & check /he shresses by Wesherg aor-d curues. Ccheck 
on corners by conh/lever' formula ^ 

r^f ^ Classes of Roads hosed or? Cor?s/ruc//or? 

,4^9- ^ 44 . PVhen ZoocZ <7re Zmprac P/^rnhM or suhoroc/e 
cond/h/ans ore uncerhorrr hhese sech/ons are recomnaenafed for .eoads S froff/c 

SZ/Gi/v'ri. 


ReFerences-.Porf/and Cemenh Assoc.; Aspho/f /nsflhuhe) fnp. Adarruo/, Corp 


P ng/n^^p-j" 


/e4i yo/®43 
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R 0 AD 5 


DESIGN OF FLEXIBLE PAVEMENTS 



IV 


TABLE A~ FACTORS FOR SELECTION &• DESIGN. 

I I LOW TYPE BiTUM. I INTERMEDIATE I hiSM tYdp 

TREATMEMT). TYPE &ITUM. | fi . 1 TUMlNOUS. 

\corpef- Cop':s Ar.-no-Coo^s ICO/o' P/ca^ M/r. I'o^ ’\ ^ s/jl/ ft M/X, 

Vr » j ^ 4. 000 /o 7,000 \'ofe /. Y^pop /p IP.oa^ r:^^ 

^ r /o 75 Ca f,^^I7U~ 

; '-^ ■ r‘f- T ■’' T^^-ckS. :i.-^S,Soreo^ers\ ^ T ^— ^ ^ h^-y TS; ^rcn,n^. 

^ D.'5.'^r/Ai.>/-or-. 3<?eA^/e 2. 7?t/cJbT, Mech. 


y^e * ^Qc^a's- Jec -^.JI 

‘-c-'.^/c C*'crcc:^c' 


/• ^ ^ " 

^ ^ C ^ 


• *r ArJ*. e ^ 

\{ o: T ^c. -1 a •nC’G 

Cc- ^r^r- Jcc, .'C 'T’lf -7 
T .' ‘BC- 

*'cc *tf’c'o/r<'. 

» • 

-•rta.' r^sr^. 

ire 7 iSa^r 

^:/^e c* 3(7 re 
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ROADS - BITUMINOUS MIXTURE D1AGRAM5-2 * 
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Type l-Mix-in-Place 
Open Graded (crushed stone) 

Type I l-Plant Mix 
Dense Graded Mixes 

Type I 1-Mix-in-Place, 
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^See pages 3-75, 3-76, and 3-77 for descriptions of Types I to V, 
Cool weather work (spring and fall). Hot weather work (summer). 
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BT^' the number the more viscous the material. Thus an RT-I, 

non-viscous liquids at ordinary temperatures suited for soaking into a tightly bound 

in semi-liquid and are suited for mixing 

fnr'^hAt^l.i RT-I 2 and SC-5 or SC-6 become solid or serai-solid at air temperatures and are suited 

Tor hot plant mixes, sealing, and macadam. 

Ref: p. R. A., The Koppers Co., The Barrett Co., A.S.C.E., Barber-Greene Co. 
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U5E 


BITUMINOUS MATERIALS'-? 


material 


COMMERCIAL 

GRADE 


ROADS - USE OF BITUMINOUS MATERIALS'’ 


MED. CURING CUT- 
BACK ASPHALT 
(MC) 


rapid CURING CUT 

BACK ASPHALT 
(RC) 


ASPHALT 

EMULSION 

(AE) 


ASPHALT CEMENT 
(AC) 

Penetrat ion 




APPLICATION 

temperature (F.) 

O^CNJC^i - - _ -CsJfO CSIC^ CMCoSiS S S 

Type l-Penetration 
Macadarp (Hot) 

(Cold) I 

Type l-Plant Mix 

Open Graded x x x x x x 3 ^ 

Type l-Mix-in-Place 
Open Graded, Crushed. 

* Stone f XX x x x x 

Type I l-Plant Mix 

Dense Graded xxx xxxxx x 

Type 1 l-Mix-in-PIace x x x 

Dense Graded (Mulch) •• 

Type I I l-3ituminous 

(Asphaltic) Concrete x x x x 

Type IV- * 

Sheet Asphalt x x 

Type V-Sand Asphalt 

Plant Mix x x xxx x x 

Type V-Sand Asphalt 

Mix-in-Place (Road Mix) x x 

Surface Treatirent xxxxx xxyvv 

Seal Coats (Fog, Flush, x x x x 

or Sand Cover) x x x x xxx 

Seal Coats (Carpet, ^ ^ 

Stone, or Armour Coat) xxxx xxxx x x yvv 

Tack Coats - ^ 

Prime Coats-Oense ^ ^ 

or Tight Bases * x 

Prime Coats-Open 

or Porous Bases x x xxx 

So i 1 Stab i 1 izat ion x ^ 

Oust Pal 1 iative x x x 

Patching Mixtures ^ 

(Cold Patch) xxx xxx 

Joint Filler-Brick ^ 

Crack and Joint Filler 

* xxx 

^See pages 3-75, 3-76, and 3-77 for descriptions of Types I to V. 

‘Cool weather work (spring and fall). “Hot weather work (summer). 

NOTE: For cut-back asphalts, the higher the number the more viscous the material 

Li:?:,!"-" 

Ref.: P.R.A., Asphalt Institute, A.S.C.E., fiarber-Greene Co., Texas Co. 
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ROADS “ DESIGN OF RIGID P>A/EMENTS 


DESIGN OF SLAB THICK NESS BY SHEETS' EMPIRICAL FORMULAS 

p,a,n or ro^r,forcool conoror, J 
■osrl - Corner, rroiecfed iy ade<ioate had transfer at 

■ 0 :'nt^ a.na' clacks ^uch 05 , , fT | ^tofz-a'' T/c^ 7 o / 2 -fi* 

u-c-^’o^rced s/abs and Page 3 ' 62 -/br ne/n-^rced s/abs- I ^ ‘ ' 


J2‘- 




^ormuto u d, - V-^ • %'b‘4\f ; %\ iiPsd. 

“or 2'-6"eaae 3/ooe te= /.4Hi } for 2‘-0''edge slope 1.33-ii 

Ca.se2- Corners unprotected, no adequate load transfer at 
o.n*5 ana cracMs. Space contraction and ujarping joints 
'^tS'- 25' centers and eypansion Joints at 90' to /ZO' centers. 
Stab thickness of free transverse Joints to be te and 
s/oped back S' to /O' for thickened edge designs. 


for^afjoirth. / z %30' Tiebors 3o*o.c 

/O'fO/e'-^Z. I /0'fo/2\6^ _ 

Uniform Thickness, 

•for^dTjoinrs. 

z L 2^ 






^"^ior^afjomfs. f' ^"^SO^T/etars so^ox. 


wJ 


-C 



'4 


' Thickened Edges, 

APPLICABLE DESIGNS 

CASE 1 

I lO’ fo It-e” 




Uniform Thickness, 


Formulas : d,.-yp3^ ,ti-0.aSd, : VimJ 

\ote: /ihen subgrode supponf/s unc erioin 'S/o b mag be checked 

by canH/eyer formuiot tt‘ t = ff-SwTs Uniform Thickness, 

A‘he.-c: i\ ^ lyoving cuheei ioad in pounds. Factors / 32 and^ 2A — ^E1 

hc/ude alioujance for impacf factor of 1.20; for p ^ ^ 

other impact factors muitipig i.3 2 or 2.4 ., U^L 

c = Coefficieni of subgrade support^ see TabteV Thickened Edges. 

Modulus of rupture or fiexural Strength" of concrete APPLICABLE DESIGNS 

Factor of Safety, " CASE H 

i? e c ono m ended ualue of E ^ 2 Moduius of rupture^ CJsuaiiiy ^ 

yar/es /n P/ahujau practice from 300 to 375 pounds par sq. in, iiU^A ULOlUlN OCL > 


xSOi 


-si 

10 


kijD 


khi 


kWi 


m\ 


S ^ ^ I . I 1 '■‘/vh^ ‘ I 1— -SI 1 1 i— i — -SI 1 1— <a 1 1 000* 1 ^ — i 1— «ac — i_i 

a 3 10 U 12 /3 14 8 S 10 II !2 13 l4 15 1 8 S fO H f2 13 14 l5 7 8 S fO 1/ 12 13 14 / 

tis tis yts iVs 

stresses’ ore for ayeroge concrete ond norma/ tire pressu res, sooi — i — i — i — i — \ — i — i — 

nhere rvs = Oross A/heel Load in thousands of pounds (Static cuhee! load plus k-SOO 

any ir77f:)act) appiied at siab interior^ I.e.,Zto3 feet from any edge. The ] 

edge and corner stresses ujiii approximate the interior in siobs a/ifh 40c — ■ — 

edges te thickened from rhs to i ^ of h and sioped 2* to 3\and with ^ - ^ 

joints and reinforcing designed as shown On Pages 3-8lj82, 

Moauius of subgrade reaction in it. per sg. in, for seFiement 300^pt^‘~'^ 

of one inch based on 0.}"or0.C5" settlement of 30dio. rigid cincu/or bearing 

pJate, “k^'shouid preferably te determined by actual test u/ifh sub- — T^ nn } 7 i^m 

grade in weakened condition, /.e., saturated or trost coming out. y^g ^ 

hG.5 ^STRESSES IN SLABS OP 5^6',7‘ac8‘ THICKNESS (By Westergam ^d ^ Analysis). 

TA&IE C-RECOMMENDEP J| TABLE D RELATION OF SQIL.SUB 6mDE.6EA>RlN6 VALUE ft CONSTANTS -c'aric'. 


8 9 10 II 12 13 M i 

m 


fF 


40t 


30i 


ZOi 


3 10 h 
Ws 


' S" 

wli 


\300 


IF 


TABLE C-RECOMMEK 
THICKENED EDfig-PESlB 

r-4.r-T . Z' Slope. 
Iz-S'-lz, 2 ' Slope. 
8 '- SZ- 6 ' . ~ 2 ‘ 5 lopc. 

9'- g~- $' , 2- Slop e. 
IQ-'driQ-, 2' Slope. 
lO'-T 10'. 2'-6"Slo 


TABLE D-RELATION OF SOIL.SUB 6RADC.BEAR1 


Soil 

Poor Ora^e/. 
Sana, Sana 
C/au, Qrayel. 

Qrayei 


Soft AP/ostic 

Fairly Hard 

Hard 

Hery Hard 


BearjnqV^u^ 

10 ib. per s< 2 J> 

20 lb.persq,.ir 

30Jb.persg.ir. 


.UE OF'k' 

1 Value ofV 

1 Approx. 


100 

1.000 

3 to 

10 

200 

0,900 

10 to 

25 

300 

0.842 

20 to 

35 

400 

0800 

35 fo 

SO 

500 

0.170 

SOfo 

60 


y- (4> - s , c Slope. Orgy eh Hery Hard 40lb,persg.in 400 0,800 55 to SO 

jO‘''G.r(0\ 2‘ Slope. docdOrgyel.X Extremely Hard. SOJhper sq.in. 500 0,710 SO to SO 

— ^ ~ ^ Slope, Where Sub grade bearing yylue^/b.per sq.in.on circular plate 30y'o3&‘'diQ.causingSeft/efDentcf^^, 

Oesign of Concrete fhi^emenh by Tet/erA Sutherland. 

Kemfbrc eg Concr ete Fgyemenfs by FO.dradbury^Stresses /n Concrete kupwoys by H.l^tVeslergaord* 
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ROADS -CONCRETE PAVEMENT DETAILS - 1 


^ Trans\/erse expansion joinfs SO' to 120' spacing 

For extreme temperature ranges space 90 ' 

For moderate " " " fOS'-/20' 

(Tie bars are also made or %"4 x 4' spaced 3' to5' c.to c.) 


Min. dowel size 

and r dowels up to 
2* long sometimes used %, 


I 

f I 


•151.. 


» ■ 
C X 


■Expansion 

Joint 

I 

~7s'to25\ 


'Q V ^/F4x30yie bars cont-30''c.to c. 

I M^ngitudinal Joint ^ I | 

\bufnmy groove or keyed 

I I I 

1 ^ ^ 

rE^Trons'^ers^ Contract io\i loints-r^ 


sd.Jo 


'S i 


Outside I edge \ 

15' to 25’ \ /5’to25’ I /5'to25‘ 


\Expansion 
join f 






,10 
^0 r 


'V. 


LS ' t 



0) 

c: 

E - 
^ ^ > 


o c 
o o ^ 

TD ^ ^ li 


> ^0^ A 5 
^ 8 : 


4l 


I ^ 


^ O V 'k 

^ s' Jj 

^ o' 


; {> 


<0 K 


■;A' 


0 V 


r 


(Exp.joinf 


PLAN- TYPICAL NON P£/NFOAlC£D SLAB 

ioin f ^ Contraction join ts - — /V p join t 


I z? f| extra 

thickness 


{rod. 


LONGITUDINAL SECTION 

Bitum. sea! 


Optional 

dowels 


I TL2uf~^~. — This half 
0 dowel to be 

2^ n < painted and 

A f 0 V^X/^^^/'eo^ecy 

_ / _ Expan. cap 

^UJx /G non- extruding 

12 C TOC. premolded filler 

TRANSVERSE 
EXPANSION JOINT 


Butt 

joint 


Bitum. sea! 


tJIfsi 


/‘OiTum 

rod 


This half 

dowel 
painted 
a greased 


c9 "1 j!> 


■i^N ^od 

^ C- 

•wicnT I owe! 


CONTRACTION JOINT SPACiNq 
Crushed granite oggregafe. 2 6 
li.mestone 5 calcareous 

gravel oggregate' 20' 

Siliceous .grave! 

and slog oggregorG i 5' 

-.B,t sea! rBiJm.seal 


TRANSVERSE ' LONGIT OR TRANSVERSE 

DUMMY GROOVE 

OWFIED contraction JOINT With premoujded 

' JOINT ooweis ^/jxie-irdio c. T 

_JUIN / Reguiredby PR A for metal- to be left 

A-4 to A-7 subgra Jes. >n Concrete 

DETAILS* (No interior stab reinforcement) 


T>5 


transverse d 

CONSTRUCTION 


WELED 

JOINT 


Premolded asphalt 
mastic or deformed 
min. Id gouge metal 

S'-' 

d/ternatG ^ ^ “in 
Sfra/^hf pe 


JOINT LOCATION <S 


Bent tie bar. 
Sijje forms 


/’Asphalt mastic premoulded strip 
TSFT MM in. '/g fh/ck 

dowels- No expan caps 
Min. 16“ long, '22 dowel coofed 
with heavy grease. 








bar 


T 2 ^x 30' long 

tie bar 


^/$xl5' pin 
2-€"c. to c 


■12" to 15" 

- centers 




/Key Joint 
n StraightJjle bar / / 
ilDeformedXstrip ^ 


5 




Deformed 
steel • — 




Tie bar- 

chair 


) C ITTn ( ^Support 

1 ^ith rigid steel 

1 — * osfemh/ysome as exponjf^ 

TRANSVEpk CWTRACnON JOINT A3^FMRL 




Expan. caps of32ga. min. s fee) SNong 
and oHorv Fexpan. space- welded ^ 



90'’bend^ 

dent tie barJ-:J -.(\ 


.r: '. 


^ ' 


tchair 


' Cchair ^/'Sfakt^/QnTS”' '-Chain 

One-lane placing 

Step f.- Keyed Joint in Step 7- Side form removed 

place against side form and fie bars straightened for 

adjacent lane. 

LONGITUDINAL KEY JOINT ASSEMBLIES ^ 

Two- lane placing-use straight fie bars inserted through 
deformed strip held by pins and chairs. 

One-lane placing- use bent tie bar assembly as detailed. 
’^Assembly details from LoCiede Steel Co. 


Straigh tened 

tie barj 

. - - ■ ^ “I 

7~ Chair and strip 

le ft in place 


to spacer bon 

4 spacer bar • 

One-half dowel coafe^ 
with heavy Qrease~ r=\ 
^3ga. wire 


W 






oif' 






% 


^ ^ Vq 4 spacer bar 

* 3 ga. wire 
^J\ chairs 
Optional sand pla-Ns 


» \ Optional sand plams 

F dowels- Min J€\ 

Max. spacing /3’'c. to. c. 
tteighf 22 less than slab thickness. 


NSVi 


*ln abcordonce with recommendations of RCA., RR.A. A.A.S.KO. C.A.A and V.3.E D. 


'X PAN SION JOL 


MBL 
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ROADS- CONCRETE. PAVEMENT DETAILS -2 


note. £. pons, on joints coa,monlg spaced from SO-O'to 170-0 ■ confrpchon joints 30-0 foSO- 0 . 
u,„ rein forcement is *0 mire on i'r 12 " centers. Wire mesh fabric should total 40 to 65 
losoer ,00 sa. ft Smqte bar mats a/gt 5 fat bars to total 50- 65 lbs. penOOsj.ftmay be used. 

■90 0 '^^c Expansion Jomfs ^ 


£jtpooS'On 


4 S'' 0 '^c 



45-0 c/c 


/'Expansion Joinf- 


Oowe/s. ^/i^smoo/h dors 2''0 
/ong spaced , p faced J rr>in 
be/ow poyemenf surface 
Tie bors^/d*4\0jong spaced S' Occ 

Hongitudina/ confer jom/ 

Key or dummy type ^ 

, Wetded fVire fabric 6*f2' 

^ mes/j ffo 3 wires bofh ways ^ 
/2' or equiv m bar mat ^ 




fabric Sheet 


I 5 ‘ 6 ' tong 





* 2'Oi/mmy Confrocf ion Joint 

PLAN TYPICAL REINFORCED SLA '' * 

tO-O" to 12 - 6 ' lanes 

r 


rf 


r\ 

k 

» 1 

Nv 


r 2 '- 0 ‘A 


^/q 4 bar mat or 

9-6" to 12-0" 9-6" to }2-0“ ^ 

5 ^'- < 5 - 7 ; 7 " '! ^Jjf/re f abric - 1 ,-:2 

• T » • • ‘ • —fi—r 7-^ i-^i • - • - • 



'Subgrode 

JO'Q- to / 2 ' 6 " 


Key or dummy jornt 

/O-O' to 12-6-' 



transverse section 7 ^ -a 

Sharping location of single bar mat or wire fabric. 
Adequate for all usually encountered conditions 
when sizes and spacing shown In plan are used. 


TRANSVERSE SECTION 


Showing double bar mat V transverse bars at 
20 -c/c and ^/ay long it. bars at I 2 -<^/c. 

Used for bridge approaches, extreme frost con- 
ditions, bad subgrades and over culverts. 

Use of /eosf fOO’*^ per /OO Sep. ff. 
of r/ab of bars- 



Blium. seal 


or 




premo/ded asphalt 
mositc. 


^ i/E ^Surface 

^ 1/2 ^ 2^ 30" or 

^ 2 > 2 l '%V-x'4(5* 

formed 

steel fie bars 


hj: 


HfSubgrode 


ci' Subgrade 



Preformed ft Her or bitum. seai 
Slot formed iuifh steeJ T 
or grooving foot 

'X^Dov/el or tie bar 


PREFORMED LONGITUDINAL JOINTS 

TYPES OF , 


Subgrade 

DUMMY 


tv* i.ofye wi0tn 


A‘ 

i mttrtor 


1/4 




LLi" 


r 


/ 7 'c 'oc do^e/s 









DETAIL OF EECING CA? 


4 . % • * 

‘ sfcke$ ^ 

gTJrVATTQH OF JOINT SHISLD 

It tnd iicJtsr Sovcl Spac«ri 1f>dlc< 

el«v«tlon and pl 4 r> 

6 or Stop _L. />»P 

spacer bor T 


s 

f* Siob 


E 

1 thickness n 

1 7 


■ 


• 

■ 

1 




Hit AetH ^ crt 

I ftticf 

1' 


*4^ par stpp 

vii I 


* -Sj'nfetJ O' PdSrd 



^igrp . . 

(»non ^ 

/d 


ITBO mrrd 
h 9P^¥ • bdr 



^4* 


»io*. 

*.op or SntgM . 




• COC 



A • DU 4 ; pr ' n 

A 005 U I Oft itri 

F=i 



an 




1 


^ Jr- *g* ioace 

A4 


PART glJ^ATTnil 




♦j go ¥f*r€ 

-24- to 

of 

for jtiw puller 

^ 



4 

't 


I 

•Vi 



j ga ^ rr < 3 


5 'ot 

/ S*vrf 0^4 



*4 ipocer 6 c 

PART PLAN WITH STAKE 


stop 



l'i$in4 Cip 

#16 y* ..06iy 


C^Qnnei 
^ cop 


TRANSVERSE DOWELED 


EXPANSION JOINT 



$^t0t 


ASSEMBLV JN ^ 

(tnsfaJf/ng shield of left) 


*«* 


Oo 


S(ci« pl^te 
# 1 : 0-S.f. 
g»> .107^ 



Pt 

OCC^r^eig 

pi/nct^^ 
to / 

pr^mpufdod 

jQ/nt 


L 

SECTIOH A-A 

Tximo if 


pnP w#/ 



TRANSVERSE DOWELED 
CONTRACTION JOINT 
ASSEMBLV /N PLACE **-^^ 


HEAVY JOINT SHIELD FOR TRANSVERSE EXPANSION .lOTMT! 

The shield is removed before final screeding by pulling the 
srokes and lifting the shield with the stake puller as shown The 
edging cop is removed offer fhe joint has been edged. 

* Adapt frQrn BrAdburg^ Reinforced Concrete fhk'cn?ent^,W/'‘e Re/nforcemenf /rsfitutc WAi,h.,D.C> *-'^from P.R-K 
*** Fre,mr-f La<^fe‘c/ie> , a 
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R0AD5 - TRAFFIC SEPARATORS (?- MEDIAN STRIPS 


Used for urban Express highway 

Spewed s S- //rr?//e<d access /o preve 

^&hfc/ 0 s from oross/ny rr?^/V//-» 


3 







* tJ 




detail OF WASHER 


J A^ ^ 

- "5" * ^ 


/ .o., 

1 

2 

^ ^ 

znr. 


k 
• i. 

W 

‘o# 

■ . 


DETAIL OF SLOT 


:'V, 




ri- 

£xfsA Pave/r>ffff ^ 
Pemored. ^ 


L! 'ArV 


/» 


ON ALTERNATE SIDES. 

6 Sf^ef P/pe ffaM 

5o// '£ ip*‘ J-o'^o.c. 

.92’^dB4long-/20.a 


u. 


_J 'dorr/ob 
f ^\bhlckncn 


^ Pxi^A re/nf. /ef/-jn p}oce ^/:2. 3 Cone 

V!_EW OF HIGHWAY CROS S _ SECTION 

fig. A - NON-MOUNTABLE SEPARATOR* 

'c on h/ffhi^oifs on of S/ree/s tvhere of {Voy /s //mz/ec/. 


t'-2: 5 Concrete 

TON 


Fbn cf/ v/cf/ny /‘roff/a 

Trcff/c Lane 
-• — 7rofP/c Lone 


Curb - 
Sbr/pe 





Troff/'c Lane 




OLb/Le concreLc Lop, 
scored fo ref/ecL L/ybL. 
Seoorofor oreeosf. 


3Lr/pe 


UarL> 


C\h* — 1 



Sur/oee o/ 

-r- p9 re/nenb 


SIDE VIEW 


END VIEW 


PLAN OF STREET DETAILS 

FIG. - CROSS ABLE SEPARATORS.** 

GX/Sz/ny s/ceeLs yv/rh L/m/fed P/y/?/' of p^ery yvbere Preyuenf cnosisrny 
r /s necGSSany, Om/P af naa/on /rrberseci^/nns. 

ifAl' A '1 Cone. Median Sfr/p . 

/ cone. ^ 4- - - 

‘ / n 7 1 Top Course -2 lone -zz « Tl^ ^1 


of rrred/nrj 


-f »M>v Cm . \ . I Cbnc. Base ■ ^ 

Fie.C-MEDlAN STRIP ^ WIDENING 
EXISTING NARROW STREET OR ROADt* 

Co/Ts/reZo/ / 70 IV Oonore/e /on as f'/v/ /o o/Zoiv' 
f/^jff/'e f/oifZ c/ur/n^ reco/Ts/rczc//on of /nnen /o/>eS. 

Mzh- fiocZ/'t/jJO- . I-Jr /! /t*;,.,/. 




' A \ 


fxioL/no Povel^enf 



._-j ^ 

PLAN 

ito’' 



C 


Minor Pood or S/reef 


JG bd/'n/mi/m Ar/veb/e/t 




I 


'c.\ 


' I ' 


S 

N. 


\ A 




Ls/ond Opf/ono/ . 


V/i 




FI6. D- MEDIAN WIDTH AT CROSSINGS."^ 

Where fefh/urrrs^ C/'/^ens and Cross/nys are 
a//okvetf on cL/v/deef sfreeLs on h/yb r</oys^ 
L-he mecL/on sL/^Z/o s ho i/Jef he ys//cLerrecL to a 
rr}}r7imijm *W of for ‘‘f^Lroff/c ond 30* /or 

or "M fra ff/c . 

^ Adapfed from ybrA S/o/e D/v- ofNiyAwous. *‘*Ac 


/A . 1 9" ■ . 9" j j:r ^ 

\- t'hZ dh//e MorZor Med/on Sbr/p *" ^ 

\_5:-5ct?/-ff^^/7(/A3;^,V/Vr. | kv/ ^ 

^ -y . [r2 t S. Concrete h 

I. r Both 

!»■ 5 . ^ S Anchor 3o/fs 

CROSS SECTION 

FIG. E- REFLECTING MEDIAN 5 TRIP+^ 

4* a// paved /ype - Use af s/rac/ares and/h 

t/rhan areas idherc c/ean r/rd/h on 

/?/yh/ of Way is //na! /ed> 


from //etvXoz-^ S/o/s OA/. ofMiffhwoys. **Adaf> Zed from fny. z/etvs fecord^oD Z7'4d bu 
Puh/jc Poods Ad/r7/n> T Adepfed from Amer. Astoc. of S/a/e //^hkyey OPP/c/a/s. ^'iAdapfed from Porno 


uRN Ricked 5 . 

'ond Ckm.Asroc. 



ROADS 


CURBS, GUTTERS & SIDEWALKS 




O' 


f •' 




<5J 






/* 


/<f 


y 








u-> 


4 


v' 






1 


‘c^/. 


rsj 




4* 


iv5^ 




r-Qp of ciJrb ^ 




ft 


ft n 

Ref/ec^/ng 

Surface. 


m2' 


... -.. 

SECTION 


r/2, 




D/rec//on of/roffic 


'a 




Sijnfocc ofrooc/-^ 


Qj 




^ctiohA-a' PL an 


■V 


*v~) — V 

\,i/." . 


^htl 






4B 


While / 
Concrete * 

r;;/yi:3'/2 ; 

H 

^ * i * 

Ref/ectingi 

Si/rfoee V ,‘v 

' /j^r • ' '1 

1 0 
1 ^ 

; - vV ij-' 

1 < 

" ' a'T’ 

1 ^ 

tcbhc'fete-. 


Sr% 

i ^ 




« « 


* » . • / 


^/S' £}( poosipn Joi’nf 

E LE VATiON 


7" 


♦ 


SECTION 


SLOPING SCORED FINISH CURB. 


\jppT]rA\ WHITE REELECTING CURB. 


rlG,A“ LDlMPLlPl CU yyn M U _ — : ^ ^ 

, ^ 7 "^ TTTTITrrivTTy- A^/// tyo tvooc/ for/rys on<^ /s a Ted at /rrferjecf/orfS;, 

Verficol Earner /-^ sMo^/c/erj ond ad/ocenj S/de^o/^.y. 

por.r:,np areas, ^'^.'’=^31 p/a’ce ary /hand sacred wf,}/e s//// p/as//c ^dh Sccrjryg /oo/. 

expar?sfor^/oinf f!//er fror>s^erTo/y ^O'rp^acyhg, So^Jr /gpcs. 

rt" V:^ (To <f-a d: made drc m ivdde Cemee^£ //pA/ cc/ared a_^S>r<s^a/£ ■ 


Vf-tico / Sorrier Cur A 


Aide u/aJM^ 7 


Sur/noury fab/e Curb -TL 

•-" *' IP 




G"h e 


JZ ' to iB” wide. 

Povenaea f 


Melton Str/p Ji^ Sormounfob/e Curb 

lu/d/A yar/es | | }2'' to /<? wide. 


Veriicof barrier' Curb 


U / V r,.-.., ^ 

PoyerTtenr 6 .0 9 

i. -*r :s . — . » — < . ~ v: 


C side 




Shoulder 


bpbuide n 


‘fz\ 


ffood 

V C bur face 


FIG.B-SECTIQN OF DIVIDED HIGHWAY. 

Showing efPecffVG a ^re of surrryoc/m faS/e aryd borr/en curh/np, 

6"fojr, oZd i/arpe (^v;oV7 " 


'Ppvjng 


Cbne. Pavement 

; ■•S/ob:iMii 
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nnOVU rrxjrii^ ^ 7 , •/_/• 

- Mulh-- family houses and rp^menl bu.tcfmg^ 




JT^hf traffic - Single family houses 


reus 


■; <0 . 


Sou's v'drdl. Pork ways 


Hea^u traffic - Dock, warehouse and factory districts 

troffc- Divided roadv^ays, / anascaped or p/ant^ 


r . w w C- -w ^ 


E r dress 


^.d '~' >^o<ys 


hceSrr-K. ^ w . r: — ^ — — . , 

- ,u..a;.. ker.u fr a ff c-Stree! elevaled O^erj o;^ ^, R.R. yards, ^ 

H^avu through traffic - Moy be at grade, elevof^d or depressed^ 


CU5S OF STREET 


Sus' ess 

Se zd E o ru 

# 

Susmess 


TA5LE C- RF-C QMMENDED W IDTHS. 

PAVEMENT 

TYPE 


TRAFFIC SIDEWALK 

lanes width 

2'!0'ic tr 

Lc'^es. I to> 30* 


4-/0' to fT 

Lanes. 1 /O* to W' 


P/\RKING 

lames 


r t ± ^ f 

. nauStrrC. 


According | . - /5 ' 

to traffic. 




Pesfder tf a! 


2-fO' /anes 
rrti'ni mtjm}^ G to 


SIDEWALK 
TYPE 


refuge 

T SLAM OS 


,Y/no^ 

Pes td en tf a f 


fa) Cc) 

7-/0* ! ones ^ to G* 


10 ' *0 tones provide 4' in 

for few speeds, width for 

'2* tones for each two 


Para tie! J Concrete., 

parking /0\ Sheet Asphott,, 
ftnyte ditummoos 

parking fS Concrete-, 

^to IS*. Brick or 

o ther high 

-^a - / block 

2-3 Janes l^^^enh.Ce) 

rninimurn . • 

Concrete, 

(or 2-3’ Macadam, 
tones f a ) Bituminous 

or Brick, 

3 ' to /O' Concrete, 

for poroUet Hiyh type Situm. 

parking Yihtre or High type 


Concrete , 
si tummous 
Concre te. 
Brick, T/te, 

Asphalt 
Mastic or 
Stone Setts. 


Hioh speeds\persons obrecApermiHed. Cb) [ &lock. Ce) 


Concrete, 

3 itu mtnous, 

Cth ders. Grovel, 
Flags or Bnck . 

Conarete or 
High type 
bituminous. 


4 .* mm. width 
where pedestrians 
must cross 3 
or more lanes 
of movtng 
tra fft c . 

4* min. width 
loading pfatforws 
where needed 
for busses ond 
trolleys. 


Bou 'e VO rds . 

Parkways , 

Vf od ucts, 

- da^ s TL' r ^ * s ----- - ,. 

4' tJJ si-reel - 5 ol/oJ Sr ? Iroffc lanes ond one parking /one, mm. For one-i^ay 

3 ^-ee^s allow one '^rafftc tone ond 2 parking lanes, mm. „r-r^hibtted. 

^6' ^rov/'Vr ''or di'scb'ed veh-des and scenic overlooks where con/ muous ^ orivocu- 

(i 5uiulbai develonmen/s show /endency /o elimma/e yjks along s/ree/ ff pro^^e pnvocy , 

:d) sideia'ks ft c.iuenll.g omiHetd from express h.ghvvays, vmdoc/s and /unne/s. C^ofe/y 

of 2'rnin. Wilh borrter curb 'S desirable) . , , , ■ . j l. /unnels 

'•el 5 'err fgpe oovemenis widely u sed for indos/rrol s/ree/s, viadac/s^_bridges_ n 

-r ft p. . -p n - TR/VFFIC LSNES FOR THROUGH TRAFFl C 

ill ^c,t« eets c.RRy.NG other th k n loc^l tr^pf'C use these 


daily traffic 


Vp to. 150 2-/0' La nes Mtn. \ 74 ]^g.^uuuToc^^ uwux^oi-^-iiur>^ ■ — 

^50 to 4^000 2-iror ft* Lanes 2G' | O ver 20,00 0 | G- II* or (2* Lanes | ^ 

^bridges, Viaduc/s, SIreeU, elc.(ynlhouh parking lanes) * Plus median strips, inlands or street ■ j_ 


TRAFFIC LANGS 
2- fO' Lanes Mtn. 


minimus^ 
CURB TO CURB 

24' 


DAIL Y TRAFFt 

4,000 to2 0, 000 

000 


traffi 


lanes 


riiQ A TQ C0RB» 

43* 

70' 
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ni 
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'PIQO 


<N 


V 


4 


?v'/7 


^ >: 


' O y' 

. ^ K 


^.p/ffl * 

fTfffrrrTTffyrn tmr* 


VS 


Cu rb hne'i 


'! premoulded expan- 
sion joinf between 
^alk and curb 


nn 

Private 


V^alk 


6' 


Oriveway 

i expan joir 
at SO root 
intervals 

Private [ 




SPnii'n 


S' 


^>>J>>}}}»}. 


'premoulded 
expansion 
K^O/n/ 

^ Business 
District 




But Idmg 



Alley 


2 expansion 
Joint at 30 ft 
intervals 


Private wa lk 

Construction 
jomts of 6 ft 
intervals 


■R^TS 

Constr 
joints 
at G ft 
intervals 

EX PA NS! ON A NO CON TRA CT/QN JOIN T' 
DE TAILS- CONCQE TE SiDEiNA L KS 


*9 



.V^ ^Pavement , 

'oi / Sur face 'fVN yi_ 


J'R 


f« v» ' 't> 


}7//vr/r\yA.Ar 


tr 




dowels if not mfegroi-Jd o c 

Parkin g Curb Driveover Curb 


8 


r to 2 - 


VO 




: ^^6' ■•■J 








Og ee Curb & Gutter Non- Parking Curb 

^^ 9 ^^ White 

'1^ concrete 


r 


/O 


y 



y 




ecfion fJe vafion 

Peflectm a Curb 

TYPICAL CONCRETE CURBS 


Parking 
Lanes h 


<<' 


r 



V* $ 
c P 


A minimum 
iy^P type traffic 


^fZ2J22y2. 

•i 






y 

4 

Oi 

xi 



?f/7f///7y?\ - 

CParking 
Lanes ^ 



minimum 
"T type traffic 



WITH PARKING LANES 


WITHOUT PAQKING LANES 


MINIMUM ALL- PAVED INTERSECTIONS AT RIGHT ANGLES 

X 




I Curb^ 



Orno mental 
Lamp 



I 



Sidewalk 


Inlet 


Curb 


Safetu-. 

island ) ii 


J f laminated markers 

ght 


.L. 


• 1 /^ ^Signs-^Keep Pi 



\ 


I L 




curb-^ 

60' mm. 



ch 


Curb 7 


Inlet 



^Crosswalk 


m 



arkmg^ 



6- 1" Park/ng Curb 7 


/ 


Sidewalk 


URBAN STREET INTERSECTION (w/fh safety islands)^ 
Four or more traffic tones and tow speed traffic^'' 


* from FortJand Cement Ossactetion, Adapted from Am. /tssoc/afon of State ttigbe^y dff/eJofs. 


/ 


Butidtng Line 


3-92 


R0AD5 


URBAN 


3 


''/2"Sxp./o//^f Jo'C./oC. 


TNJCM^fSS H'' MfN- 


1 ^ ‘ ^ ^ ^ ^ T-oij^dcTc/ /o ' /^ ro&/as/Co.'7SMj0h7/s 6 C.h>C 
\ 1 ‘ ^ > 7^^. j / Conj/rucf or Cu-/--^. 

~Concre^^ - p-df ohs . .». -.A|7^11!i7-- " 


^<SV ■ / /Reside n // ol Areas - S 

^ /aA Af res /de/7 h’oJ dr/ve h/o^s - 0 " 
^// /gashess S' J/7 c/</s/t/o/ Areas - B" 

be/s/aess S /ndczs/r/a/ dr/vewa^ 
A/ A and o//eys - 7"/oS '' re/nPorced 


W A^/'/ COb/CP£r£ MJX^ 

d/C Pob/o, (aga/s.per sacAi , 

One <TO(/rse consbrusA/Gn /.'2-3 . 

n^o CO arse : bose l:2‘/z : d ; fop. 1: Z morfor . 

Consfracf fop coarse ffhick (One Course ore ferreaf). 

S^ee/ froi-Jef f/n/sb may be used on P/oT grades. 

A oiros/ve Ph/sA sbou/d 6e ased on grades over S'/ 


S" Bose of c:nc/ers, gravel or / ' i f^f/ ^ / A o f'P moriar 

sc -^d on s/d or c/op subgrodes. / Coarse: base I.Z/z. morfor . 

^/i,re/r/o/o'ed bifu/r,. e/pan.Jodfs /^exf Ccnsfracf fop coarse ! fhjck (One Courser/^ 
J/boHd/.nqs.sfracf-ores and curbs. 5fee/ froyve/ f/r^/sh map be used on fyot gr<. 

Cons/rcfc/for Jo/n/s be forme/ b^ ff g/oam or aSras/ve fh/sA sbou/d be (/sed ongra 

.-ne/af p/o/es, rerrfoivea' 

ortycu /,'/>y r Ancq^^S^ 5 1 D E WAL K S *( 5 .. %. 3 -gl) 


'-' 2 '' 3/fur-r/. 
fxo. /o/nf 


10 


r Corcrebe 

S- ae v^'p / X . ^ 

1 7 oFCfrc/erS.h'rske. 

j JVo^tf or gro'/el. 


Ship' buildmg bulb angle 

^b'A.iyS* per ff^ p 

* for par A /ng car b. 2^ [[ 
iB for harr.'c~ Carb. 1 ^ 

WMjWM G"x2xfy//L^^ 

c/icho rSy r/e(cf 

^ :f io bulb angle 


V2 


■■ t/S: f'if: dd 

■ Cone ' AAiAJA^'' \ 

• 's/de tya /6 \ \ A ~ ^ 

'C/riders ^. 7 - 

^.vberr/Ali ■: *'5V,;w\;i 


6’’’ -for porktnq 

10 " for barrier. 

pe/fZ Asphal! 

^ rf/2'pfnden 


^jO. 


or Cinovs 


iX/C. I C. Sfapgered. 


^ or 9 Chn^^ 


^ / 

■ . f k 


. ^ • I 


S •^. 


l: 2/z /A 

» Concrabe .A 


deld faf! fvid/h an/d 

dep/h a/ Jo/n/'S . 

Po/n/ OLf/s/de face- 

f Coaf b/ue leadj 
2 Coobs boP/cs^AJp grad/. 


FIG. B- HEAVY DUTY URBAN CURBS.** 
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FIG. C - DROPPED CURB** 
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F!G. D- STONE CURB DETAILS.*** 
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ROADS 


PARABOLIC CROWN ORDlNATES-l 



X in feet 


ci 


12- 


W= widih of Surface in feet 

Formulas 
6i ven: 

^ 22' and x= 6' 

Required: 

c; y (at any point P) 

Solution : 

= 1.315"= if 

y= 4 X 1 . 315 (^ 2 )^= 0.4.09"= 

SYMMETRICAL CROWN 

Used for roads and for streets where 
gutters are same elevation. 


d 



i 


Offsets from tangent 
curve vary directly as the 

squares of the tangent distances. 
Formula 

d^: x^ - o:y . y= 

Example 
Given : 

d= to' ; 0 = 6" and x = S' 

Required: 

y 

Solution: 




U = 6x3^ . / cp’u /J. '■ 
y /02 -I- - 1 2 


.^\0 


f ^ 

O 


It 



:^f ALT^RJVATB METHOD: ^ 5 § 

Divide the distance from 
tor high point to edge of pavement into fO 
equal spaces. Muliiply nqures in chart 
by total crown to get orainates from 
crown elevation to pavement surface 
for points shown. 

Example 
Given : 

Total crown =6" 

Required: 

Ordinates at 5^^ and 3^^ points 
Solution : 

Ordinate at 5^^ point -0.25 x 6= 1.50'*= ij * 

Ordinate at 3'^^ point =0.64 x6=3.6d = 3 ^* 

ORDINATES-ANY PARABOLIC CURVE 


o* ^ 


//- W-t 


= Xf -i- 







Ti 


Xf 







iV 


I 

.i 


W 



w 




3 " 


Formulas 

yz=drd^ f=x,^'f ; f, = W-f 

Example 
Given : 

h-- 0.5', W-40' d^O. 5' - x= /O' 

t i j 

Required: 

X, ■ yr, dr, y 2 , y, t and f, 
Solution: 

X'’ -- s.o' 

dr Rf. + 0.5-t0.03l2=0.ldl2'=9.3l5''=9^ 

y2 -- 0. 7812- 0. 5 -- 0. 23/2 3. 3 75 "= 3 / " 
t= 5.0^^-- 25.0' 

O. 78! 2 X /0 ^_ ^ 

y- 152 - 0. 125 - I 2 

t,= 40-25=/5' 

UNSYMMETRICAL CROWN 

Used for city streets where 
conditions necessitate different gut- 
ter elevations. If slope per foot is 
over fa stepped curb or retaining 
wall should be used on uphill side of 


-- 0. 7812- 0. 5 -- 0. 2312 3. 3 75 "= 3 i 


Also used for off-center crowns 
on 3- lane roads to provide symmet- 
rical crown for future -4 lanes 

Also used for transition onto 
superelevated curves. 
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ROADS' PARABOLIC CROWN QRDINATES-2 
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RAILROADS 


4-01 


GENERAL 


TABLE A - SPUR ANn 


Horizontal Curves 

(5eff p5. 3-46 fo 3* SB lacl. 
forcurvtf dofa, funftons of 
1“ curve , efc.) 

RBvfRsc Horizontal Curves 
Superelevation 

Vertical Curves ^ 

Grades 


^ bHUR AND SIDING DESIGN DAT^ 

-^7 . Maximum Deg^ff r>g 

S^//cA 23" 

^/7^/>7ej 3a-5G' ^05SengerCor5 

A <70^. } ,, 

■^oo'^/s O/^ss/ Su//'/cA E'ng/n&s CQjn 

O^O ^odius) cur^e. 


30^ Desired. 
(cO^/Pfox. (/OO'i^od)- 
12° Desired. 

JS^ Max. 

use o 6C>® 


Turnouts 


Overhead Clearances 

Side Clearances 

Tie Spacing 

Rails 

Tie Plates 

Gauge 


— Proi/ide a f anger) f d/s fence '‘A'gr eater f/ion a cor length. 

On Curve s aver use '/z" or use Tob/e ^ - Pa d-aS 

^■r7^/n/mum /ength - 200' /Y space oerm/fl 

5a,,fch£ngin^s-^se 2 %. 

^ D/ese/ aboi/e co/isu/f os/nq ^ai/roab. 

3ucb grades q/t/e poor operab'ng resu/fs. 

|?y °bl4,o7/fTSb'gSi-fr"Jl %77'4 I""’ 

f6^0 m/n/mam - 2?‘-0" /r men ore ujor/^/ng on bop of COrs. L/se fek/ers 

/fc/eoronce /s /ess bb on 22‘-0': See Fig. A page 4-02. 

See F/q, a, page 4 -oz. 

U se 2 r if Hoad Engines ore bo be os eo. F-O" /r>o,Fmarn. 

M/nimam caeiobib 90 pot/nebs boer aord. 

Use on curiae 5 ond an creosofeU bies. 

4-6^2" on bongenbs and Cannes upbod°AOdyfper2'o/er3°ap bo b4ax.of2-9y 



DIMENSIONS 
[WILL VARY , 


TYPES OF 


lACCORDlNfi TO I FREIGHT 

R.R.STANDARaREFRreERATOft M I L K 


CARS. 

'7o' Mail tf 1 

9AGGAGE PaSSCnGER 


A 

4r^&'^ 


70 '• 0 " 

(52- 

4" 

B 

31'- 6" 

34'- 0" 

r 52'- 0^' 

59'- 

-G" 

c 

5'‘5" 

iO '- 1^2 " 

iO'-O" 

/O'- 

0" 


diagrammatic plan. I I 

FIG. B -CAR DIMENSIONS. 


5'- 6 


6''0 


IJ'- 0 


//■• <s 


t n 


7 y S * 2 : fi "Short 

Tits^ 7 " 

^ 


y'j(» "Pos^. 
3 ’ S * Brooe 




bent 


\ 


^ 6, 




r: 



- 

• 

1 



• ' 



nff* 

^ . 

•• . 

.JIL. 

.. 


A . . . 




-• • 




i 

it: 


3 : 3 >i 6 '> 24 ‘.o^ 

differs S9paro^Be/ 
By l''fr>etal spoo/T. 


‘(fJ 

• • • 
fO 0 

1 _0 

^ .. 
rn N 


0 •>. 

Cl 


^Af/o 

^l/^" 


hd 

Tap Cap rocbrtc/ Cor ners 
2 "k 4 Side Cep 

2 x3 j(S 'o Sac h Side- 

'Cap 12" X \d' X IZ'O" 

A^OTC : Tt mt>G r io be 

Se/ect Sf-rac/ciru/ 

Doc/p/fPS h‘/n> 


l_L 


beryt 


ELE VATiON 


*6j>rTTr 


SIDE EL.EVAT10M 


PLAN ‘ ■ 

DECKING g- HANDRAIL-. 

FIG. C - 



freb of rresk/e- 


PIAGRAMOF longitudinal BRAOINS. 

COAL TRESTLE DETAILS. 



railroads - CLEARANCE & CROSS SECTION 


A 



J TracH Tunnel 

5lnc,e .‘unnel 


4 ^C‘ 


4 

/ 


3-0 


vs ^ 


5- 6' 

Shed^. 


^ofe^f -Many railroads use <b 0 ^ 




1 


•P 


Endinehouse 


Note ^2: ’ ' 
Nofe*5i »' 


M 7-3 
- i'-5" 

n 1-0" 


I 

rsj 


> > 


5- cgcs. 

"^un^e 's. 


^'-5' 

Turn 'tables. 


r-o'^ 

Worebouse Doors. 


S'-f 

5'-i' 


\ 32!i 

i 

SuHdings dt Sheds 
adjocenf fo side 
frocks. • ' w 

y 

Double Track Tuareg 
, 7b/o of Raili 1 


ON TANGZNT5 

5‘S'’ for of! Cars , 

excepf re Eng- cars, 

dee also Moke'll above. 
S-0* for Re frjqerofon _ 

Car doors focfean\ 
See also ffQl'e*2 above , 
ON CURVES 

9 

Add overhang or 
^ mid' ordinofe. * See 
^ ■ Tcb/e C 'be/ow. 

High Platforms. 


I 

4S; 

I § 


I 

I 

•!5 

I 

I 

% 

^ I 


■s 

?u 


4'U ?" I , 

\TrTk::o:L^ v. 

I Louj Rlofform, I 


^ 

J w' •• 

'n > 


.? 4 

^g 

J 


I?. 


_ SiOpe 2^’_ 

3 uSg^rde 


^ S 




4-‘0' 

Levef. 


Design 
p/affbrm u/ofl 
for Surcharge. 


4-3 


ig, > s ' I I r ^ of bridge Peck. 1 ^ for surch 

^a'' Used by many raliroods. 

2 ^‘'- ^ ^ ^ I <^^^yb'd ifgcks • See Vote ^2- *■ ■ ^ 

'Za'Tade'^^'^ 4-0' 1 13 ' 0‘Minlmum f or Strajghf Track^ ^ 

r Af corses }nc rease£-per aeffree or c^n^e. 

c.s .Mrr ^BALLAST SECTION . PLATFORM ^ 

FIG. A- TaITqENT clearances^ 

Note: A/louj for cury<TS OS /ndica^ed /n Table 'C de/o^ .k. ivirup T 

I-tABUE C - ADDITIONAL CLEARANCES IN INCHES 

^AOC C*l^rMA/KJ 


CARS SHOWN. 


. Xr-c 0 re^r. QD Q Cyeg rpnCe /,'rye 


^ ^ -■ — 

TA'iadie^overhong c/eo^a/TceT/nE 


OVERHANG 


4 


M- R- 

£-. J(R-M t cr ^ 


t 


r^ 

T 


-R 


For d/rDensloris of A, B. C and D 

5es E> ' P^’ ‘^'OL 


OtQHU 1 

FPFIGHT CAR 

MILK C^R. IREGiyElFRElGHT CARi 

MILK 

OF - 
^RVE 

1 • 
MID. 1 

END 

MID, 

end curve 

MID. 

END 

MID. 

2 

i 

4 

^ .. , = 

Vz 

Vz 


"ir 

15 

47 n\ 

3 

5 , 

V 4 

1 

M i 

72 

_M. 

I 

I 

I'Ar 

/ 

nw 

, j/D 

/ 

ikz 

j sr ■ 

IG 

17 

IS 

IS 

20 

4 ‘/z\ 

5 “ 

3'/4 

3/2 

3 i 

4 _ 

4 

52 i 

5 kz 

G 

5 

e 

7 

\V 4 

I'/Z 

m 

/ v 4 

2 k, 

2 Vi 

_L^ ■ 
2 k 4 

2 kz 

5^1 

s'A 

6'/4 

4 >kz 

^ Jx 

8 

VM 

Viz 


2 ^ 

2 ! 

bzA 

4/4 


3 

Z'/Z 

I^A 

J 

3 

22 

g\ 

4 '/i 

7 

^ IT 

— 

10 

2 % 

2 1 

3 kf 

3'/2 

23 


4 V 4 

1/2 

1 " 


1 3 

B '/4 

3 T 

~ 3 ^ 

24 


4 ^A 

174 

}2 

3 Vi 

ZVz 

4 

4 

25 

12>4 

5 

M 9 t 

3 

13 

Bdz 

27 z 

4 k 4 

4 y?] 

26^56 

7 % 

5 % 

9 A 

}4 

3 V 4 

Z^M 

4 k 2 


30 

d 

G 

S^/z 

J r 


See r/n. S-pQ' 4--OL I /4 13-^41 4/^1 4^11 30 \ 8 \ b 

* AN data in accord uj/th Amen/can Pa/ziuo^ ing- Atssoc/oPon fA.F E. A.) re comm en a /on. 


END 

J— 

5'/4 
5 % 
~~G 1 

-1^ 

I'/z 

s’/i 

i’/i 

~~SV4 


RAILROADS 


4-03 


TURNOUTS 8r CROSSOVERS 


L odder Track 
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RAILROAD5-5UPERELEVATIQNI 6- ACCESSORIES 
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ill 7/8 M/4 1-7/8 2-1/2 3-1/4 4-1/4 5-1/8 6-1/4 7-1/2 tlfl itul 
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""7 ^ro/ohie exisf’t'^g 

;^V 1 '^Pf'^ cSe,:’Pf.4-l9)an<^oer/o/^M 


c/aoosf^-T* — — ^ 


ovo! /obic 


/7^<9/0r / — £ ~ /" A/j-rre ^ha /orC!/ 

7mi->C /^T tOKJ AND^ Tob/e pogf4-l4 for psrcj^^ 777 ^ose ana/ CO/npoPc cotfffra^e, 

direct oUainJ OSS of rarn^oy-r. ^s r ^^^yL/^rs jffyc, 0 oS a f^riongu/or /oyout 

NUM&E.Pt OF Ps~^ ,T ^T.'T^X 7777 o7 777ch7<7/sffes Phe rejo}rs- 

LANDIN6 STRIPS. (3 Ran^oys) ^''L7J7sm^a!rporf. Jffocfors for p/onn,ny Sh^^ fhe 

77 7:7 zfa/%>7r^f 7ie c/sss-sM,afn-onpoJor/ayouf,S,nd.c.Hd. 

ulHmays s/jer a/ A „„^ 4 gr-n to be pJonnsd for sb>>r-P eosy 

Rorr^ays and tax/ *ari/na Js a/ jorasSnt- or? s c on o rr^ 'Co /■ 

traffic f/or^. d/stance ptaar tox l/r79 /S of prosSn ^ 


airport SIZE 

STANDARDS^ 

ground 

facilities. 


^roi //w //u"- .7 - £ -— , , ^ y 

-j^^pg4.l4B4l5 Cf A. roycxirorrrsnts for ronrx^y xo?<dPfs, 

/enyfhs, pr-o ^ss. sfc- ^ : — 

— ncr!/-ie. 

hanpors-. /oad?r,p ^7‘’ f/fc/C7T 7y OOS rr7 e rrl^ o f pOSpen 

pers, emp/oyees and ^?/s/t-orj-. ^^/V/AW 

^ Table A - Pg.4ia ind/aoter m / r? ? rr? a rr? foa///Ptes. 

See TobJe & P g.4-l8 ar?<d Pp.4-34J3, 


n^TlNG 5ee S? c?na? ^ 

L I M I T AT I o N OF Jr TT^^h^'r 7:^777, :717i’c7bje7f /o A /S ^ 

bituminous %°7fripp^S aaa^rdrrp /fer. planes farn >v//A 

P.VEMENT 

jj/'/um/rTags poverrjGnT- naf /rj c/j catecf^ 

DESISN OF See Paaes 4-2i to 4-31 ''nc/us,ve. 

pavement. 


DRAINA6E. DL516N 
COMPLETED 

plans to 

INCLUDE . 


Se e Py- 4-3 ? £ 4-33. 

Groc/ina : Ptons. pro fUes and sections tv/fh exist/dg ^rra' 

r,n,%Pi%.r,s I,c?h pr^.enf 

Dra/naae : Plans, praP/l^s, secf/or?^ <Tn<^j^efa//s 

p,pfilT d!f<^he^, ^?r.,c?cres fx>r 

pfesenf end ^/t/nyofe c/eyre/a^noent: p/^r,s 

Sho77ng /ocafion or?d dfrr? e^S /<or?s . ^777 

Vxpan7<on/e/nt- deto//s , ^ross Xeefrans end p,rofr/er. 

A// Perf^ute oaxfec/ araas be /ncr/aaracr- 

Lfghl'/nqi Sf^e, bype ./Qcra/7or7 orre^ t^ebcf f/S €>r /^S,co / 

frar?sforrr,7r, ^r?dergroond docts. Contra/ f ° ^ 7.7 for 777port 

U^/tih'es: Sexier, too ter, /e/ep/?one , pother ce^p/ete for o/rporr, 

/na/^d/ny conneet/ons to oots/de Source .,,■ , 

Au/Idlngs: /.oaot/or? o f a// present and future 6 u//d/ngs, 

Jndad/ny offsite proposed da.e/opn?er?t P/ons in detoi / thr present .orb 

Zan/r^n Plonsi SuFf/c/enf bo enact- as /aoo/ /a-fg* ^ ^ 

sbatae Cortsfre/a-f/hni S/>o^ b/frra tv/ten aonsbrueb /on ^ 
item ^rportof muster p/an strau/d be started a nd^ comp/cted ?n 
order to sot/sfy est/m a ted future o/r traff/e rego?rerr?en rs. 
Construet/or? s/?oi//d no t interfere /v/'M opera t/c?n a f a/rparf. 


STANDARDS* 
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OUTER boundary 
OF APPROACH AREA. 


/ 


y 


\ 




y 


\ 


s. 


Turning zor^iE 

AREA. 


\ 


V 


INNER boundary 

OF APPROACH 
ZONE AT END 
\ OF LANDING 
STRIP - 

I 

I 


N. 






















TURNING ZONE 

AREA 

\ 

RUNWAY 

NON - INSTRUMENT APPROACH 
■ , ZO.NE. 


♦ •% 


' 4 


4 




LANDING 

STRIPS 


W ' 


luRNING ZONE 
AREA 


turning zone 

AREA. 


'C 


'V 




o 




\ 


/ 

/ 


PLAN 




/nner boundary 
of approach zone. 


Runcuoy f/ev- 7 


Z mi/e 


l,SOO\ I 


I or 


10 




m/Je 


Ro OBSTAUCT/Oht Abqvz. 


5ECT10NTHROUGH TURNING ZONE AREA 


2 Mtles 


L 


Inner boundary 
of approach zoth 

R unu/Qy £/ey ~) 


S/opej or^ absolute m/n/mum 
Ion So desirable for a// 

airports. 

0 


on 


l<i 


•■Nor 


InstDt- 


meni 




Jon 


50 


CLj^ 


'-// 


• Min^ 


a OSSrmaCTiON ABOV^^ 


SECTION THROUGH APPROACH ZONE 


If 

Adopted from Plug • 152-C ■ C/rtt Aeronaut/'ce Admin/ str at/on. 


4-14- 


airports 


CAA. STANDARDS 


“Ty pG- o ^ 

oommun/fy 


Type of pJane 

l/<^h}ch airpc>rf 

mop saf'e-Zy 

oCCO^^oc/ afe. 

See 

We/gf^^ one/ y^ing 
looc/ifjg f^rnes 

oov^en /ooc^jny 


CLASS 1 1 

airport 


5fr?a//Commu~ 

n/fi^S nof-on 

presGnf 

proposed <y/n 
oorriGrTysfem 

tne/udes cam- 

munl/icsopfo 

a popolo/ /on 

O foppnoJ^ / " 

mofe Jy 3,ooo. 


5mo// pr/yofs 

o^nec fype 

p/anes ^p^ /o 

gross rye/gh/ 

nOOOIb.fOr 


ienq/ hof 

i»J/c//h ofdJoik /ardJf/p 

leny/fof run wops 


yv/d/b of 
run y/oys* 


af 4 000/6., or 
fhose tuhose 
(^/r?p lood/ng 
f/mes power 
iood/ng does 
nof exceed 1^0, 


Ij8 00 /o Z f/- 


300 //. 


done 


/po/nG 


CLASS H 

Airport 


L a rger commu’ 

nif/es focofed 
on present or 
pro posed feed- 
er f/ne o/rwops 
and hovinp con- 

s/dero6Je aero- 
/>ou ftcoJ oef/Wh, 

Genera/ popcf/o - 

//an ron^e 5,000 
io 25, 000. 


Large pr/vo/a 
p/anos ondjane 
sn?a// /ranspod 
p fanes /n yros s 
ps/e/yhf ronpe 
be/ween 4,000 

and 13,000 ib.pr 
hav/npo w/ng 

iooef/no ^ power 
lood/ng of /30 

/o ?30. 


CL ASS m 

AIRPORT 

Jmportonf c/f/es 

on feeder I/ne 

oirtuoy sps ferns 
and rnanp /nfer- 
medfof^ po/n/s 
on the mo/n f/ne 

a/rwops- denera/ 
popu/af/on range 
26.000 /a several 

hundred /hoasard. 


airport airpo rt 

C/Hes Jn fhJs Same os 
group represenf Cfoss IJf- 
fhe mn Jar /n - 
dusfno i cen fers 
of the noffon 6 

injporfonf June- 

Hon po/nfs or 

term/no/s on 
fhe a/ r ways 
sysfem* 


Presen / doy 
fronsporf p/ones 

be f ween !0,000& 
and SO, 000 13 

gross wejgff, 

or hoi/fnp o 
W/ny lood/np 
X power load/ ng 
gF 230 and over. 


laryesf pjbnes 

/n use and /has e 

p fanned Fan 

frnmedlc^fe 
Future w/th a 
gross rvefyhf 
of 74,000 ISond 

aver, or o w/ny 
load fry X power 
foodfny o f 230 
and oxen 


Ota 



2. 700 fa 5,700ft 3, 700 /o d.700 ft 4. 700 to 57700 ft. 



lOOff. 


500 M 


5 00 ft. 


500 ft. 


500 ft. 


2. 500 /o 3. 500 ff\ 3. 500 to 4 BOOfA 4.500 to 5 . 500 ~ft/\orer 5.500 fA 


/soft, nfyhf 
op er(^tf<Dr > . 
/OOFf day 
opera tjon on/y. 


200 


yr //7- 


/an d fr? y • /Soft 
n/gft opera f fan. 



70 per 


Required coverage^ 
or percent oge of /fnie 
that pre val/inq winds 
if7c/nd/ng cofnys**p 
perm/i use o f /and/ng 
strips and runways- 

See Pg. 4^/5. 


Min. df stance be- 
tween center tines 

ofparof/el runways. 


Min. distance be- 
tween Center fine 
of run way ando/r- 

port baildinysJnstr^ 
ment /ending rt/rrgg. 


Minim, distance 
between center 
line of runway 
and aprons and 
tood/ng p /at forms, 
/nstrumerit iar7d/r7g 
run way» 


for notes See Py. 4-15, 


cent 7S percent. 80 percent 30 per cent 30p 


700 ft 



700 ft 


7ooft 


700 ft 


730 ft 


7 BO ft-. 


750 M 


500 ft. 


500 ft 


BOO Ft. 


AIRPORTS 


CA.A. STANDARDS - 2 


4-1 


CLASS I 

airport 

Distance befi^&en Ozs/ro6/e : 

center /j/TG o/* A/t/n/rntyrTi 

r 0/7 ^c/y c7/70^ <7//^ - 

porf buji dir? gT, 

^// o/ber rc/r? 

Min/rr? ci/sh7nc‘e 
beii^een cenicr^ 
i/rrc o/‘ /"oni^c7y ond 

aprorjs, Looding 
p io^/orr7?s^^ar4//7^ 
cfreas, A a oih^n 
ruryi^oys. 


lond/hg sir/p G/id 2 p^ax/'rrfur 7 f 
run/vog grac/es - 
irons VBrsc^ 


Londing s/r/p oncf Mo x Imam, 

ronxs/oy grades- 
U/7/ior/yi /or>q}iud/noi 


Qro dB break, s~ 3 % 

iOf7p/iu</i/7o/ * ♦ ♦ * 
Maxim* a/pehraia 

di fferenae- 


Gross plane rvelphis No pav/rrp 
for run a p^ fax tvvoy 6, reoam mended, 
opron povinp hosed 
on present dap oir- 
cro io be cons’idered 

d/sfr/bi/ied e ft/a//y 
hefir/een fsvo mo/n 
Txhee/ror seir o f rxkedr. 


probable Zufi/re f/Oprs) 20,000 Jh • 

moximom siaijh 

gross p/one i\/e}ghk 

/obe cons /dared in 
fhe des/yn op run- 
lr/ap,ioxiwoy kapron 
po\//ny and dra/nape, 

sfri/ci t/res. 


CLASS3I 

AIRPORT 

500 /■/ 
350 ft 


CLASSm CLASSiy 
AIRPORT AIRPORT 


500 ft. 
350 ft 


500 ft 
350 ft 


CLASS Y 
AIRPORT 

500 ft 


250 ft 


230 ft. 


250 ff. 


250 ft 


2% I Vz”/, A/fax irr-orr, . I Yzy^ ,'*1ox /rrrty^ \t'/2yo Moj'/mum. 


^ /S /o Moxi rrujrr), 1 '/Z /a /y]axjmt/rr7. /% Moxirrium . |/% Maximum. 


2 '/^ % 


27 . 



2 % 


30,000 /b. 


74.000 /b 


120.000 Jb. 


120.000 /b. 


00.000 lb. 


/SO, 000 Ih 


300,000 lb. 


300.000 lb 


f^G cam nna-na/^ 

gross v^eighp 
fa use fdr^ 


neXad 20.000 /h* GO, 000/6. 


ISO. 000 ib 


300.000 ib* 


300, 000 fb 


Pro h o6 ie 


rroocro/e roryqe JO fo 7S pri. /s ro so psi. 30 fa /s pst. $o fo SS pxi. So fo 3s psL 

o/^s/a/Zc a/rp/dne 
fire pressure^ 

^AH of fhe above landing sfrip ond run wap /eng//>s are based on sea /eve/ aoz-xpir/dns’ pan 
alfi fades above seo level Increase runwag lenp/h ?S ' Por eoab /OO ' /hcreose in elevo Han. One 
surfaced runwap is reaomme nded for each londirjp sfr}p far airoorfs in C/osses JT^JIl.W & Y, 

*'*lond/ng sfr/ps and runwags Should be sa fp/c/enf in nurry/er fo p 'ermif fake'offrona' /ond/hgs 
fo he mode yv/fhin 22'/i deg- of fbe true r///?d d/reef/on for- fhe percerrfope shown obo^e ofpv/nds 
4-rnph ond over based an af least a lOpeor h/eofher hurcou iv/nd record where /ioss/d/e. 

Nfhat^ *3 mph and less, 

//yferseefing grades shoa/d be Joined bg o verlical curve , /f fhe olgebra/a difference in grade r is 0.40% 
or more. The verf/ca/ curve shou/d be of/eosf 300 '/h length for each /% change irr groWe-. The /onge^^ 
/h/erya/befweerj/he pain/ of /angenap of /he curve and /he pain/ af curyafure o f /he succeeding 
curve^ Shop A/ be no/ /ess than IQOO', /f econam/cd/y prac/ica/ grade breahs sbou/dbero con/ro/ied fhof 
^ fbe sigbf/i ry e will be urygbsfrucfed fromang pf /O bh ove fhe surface a f /he runway loar?g after p/ /VoSove the r(//>t¥op. 


IS fo SO psi 


30 fa 75 psc. SO fo SS pst. 


So fo 3 3 


psc 






4- • ^ 


airports 


army standards 


mi'p vrwjTM 




I 




OCD KRC* 




APPROACH 
zON! mt 
0FO6STRUC 
VOtii RBOVt 
AMfiLC OF 
GUOF. 


7MILti H 


lFNG^H 


CLEAR ZONE AT 
ENDOP RUNWAY 
j'DES)«A6L€ not 
A R£QUifltNENT^ 


H- 

U. OiNt 

'U' NtftMCTHDH 


tADI 


TANO^Nf 


OlS»AN<£ ftClWlCNfl^ 

AlGlt»A«C 0<££M(N<£ 
•AM 


V(tlKA| 
Cutvl 
VC 


ANOClO^CilOC 


TAHGINT 


vC 


4A0€ 

AlUMAKDtfMtINCC 


iancint 


tANO»NOSl«*^ 


AMtOACH 
ZONf 


NOTE; RUNWAY EXTENSION IN CLEAR ZONE 

STAEILITED TO CARRY OCCASIONAL PLANES 

PLAN . 

for LONGITUDINAL GRADE ALONG 

::/s^once betiveer^ P.i.s % a/gebrai c d/Pference. 

\ Z’ncPud'fncfgr^<^^'^'^^9riofer fdr hedyc/ bomber d and not 

grSc^er tnon ^ / on 40 is des/red.Mii/iaru necessity 

^ temper ^opebut^^^ IZd^nody 

f IQ. A- CRITERIA FOR LANDING STRIPS & RELATED ELEMENTS. 


& CLEARANCES fOR AIRDROMES 


Length (iccf) 


Tvpc of x>ri.r»/t 


Runwav 
length at 
scilcvel* 


RL 


F.t‘ fCfJ J i i *:''f K'fiihcrs. s ;i:h as P ^8. 

P iV P 40. P 4T P M. A :0. A-:4, A->6. 
C-reo. s- -h AS C - 47. C- C <C. 


.vlcJtuQ anj heavy bombers, su^h as h 
b 2t. B 17. B- 24. 

Cj'eo, S’-^h as C-4V C-46. C-^4. 


- >. 


^-rerbomhers. such as P Is. 
heav-j CoF-00 


Minimum 


Clear tone 
1C each enj 
of runway 


Tvpc I)/ 
lucaciua 


I>rsircd 


U ooded or |ungfc 


4.000 


‘i.ao 


7 exx) 


VX> 


Open or desert 


Wexxied or jungle 


1. IXX) 


open or desert 


Wcxxled or jungle 


1 i\n 


Open or desert 


WiJih (fcci) 

Runway 

Runv' j)' 
and 

shoulders 

Landing 

strip 

c r .. TaXlUJOU 

cl£n« 

R 

i ^ 

L 

N T 

Minimum 

Minimum 

Klmiiiium 

Minimum 

100-150 

200-500 

300-400 

1,000 

150 

300 

3tX>-500 

1.000 

150 ' 

250-300 

3tX>-4iO 

1.000 50 

150 

300 

300-500 

1,000 

200 

300-400 

400 


200 

300-500 

500 

1,000 


NOTES : - ^ yy n 

Lengfh of runcuay is /ncreosed fO pe^r cenf of sea- ie^e/ /eng^h for 
e/evafion of sde oboi^e sea /ex^eJ. In reg/ons of prev^ai//r>p b^gh iemperoiu^ ^ofp 

m/n durr /erg f Os of /ord/ng strips at ad\r'anced Jand/ng P/e/ds co/tbout runu/ayS 
ore sam^ os m/.n,rrum ruryouoy ieryi' f>S - 
TAXIWAT S : 

increase caidfhs iO feet on sdarp ounces. , 

C/eared ^one on each s/de of foM/cuoy ex/^ends oufod/sroncejrneasare 
from edge of stabiiized, surfaced, or paired sect/on egaat /o one-ho/f fbe wmg 

span of forges t aircraft using a/rdrorne. . j. , , u /u 

Lorg/tud/no/ grade atong center //r>e of foM/ouay preferab/y snoutd sior 

exceed 2% ano/ tn no cose sbou/d exceed 5%. — 

'Adapted from Pixiat/on Engineers'’ Manuoi **5ee page 4 - 2 D fbr cross-sect/on 


AIRPOPT3 
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airplanes 


TA&LE 

COMPANY 

AERONCA 

ARROW 

e>E.ECH 

EEECH 

&EaCH 

&ELLANCA 

bELLANC^ 

&QEiN€ 

CE.S5NA 

cae>g>MA 

0QMM0NW£4LTK 

<rULV£R 

CUR-nsS-WRIGMT 

CURTI55WRI6HT 

t.^4G^RtSC.ARCH 

FAIRCHILD 

FAIRCHILD 


FUNK 


^ CP^E.V 15 LD: 0 CT 0 BE.P> 25 J 34 G) 

that CLA 5S 1 airports CAN ACCOMMODATE 

^ OPE.L- INDEX M” GROSS wr coMPAMv 1 TTTTTT'; 


M ODE.L- 

ALL Ni ODE.L& 

F- 

~n\^A 
E iv e> 

F 17 D 

G 43 C< 3 &- 7 ^ ] 

14-15 CCRUiSAIR SrS 

74 ;g -F3 (’CRUiSAiot 


N Z S -4. (FT. -17) 

!?0 
Tio 



Lc A 

a-i?r 

C\N-ZZ SPORT 
A - 716 
P.T-16A 
^R-21 A 


176 
I 74 
_I^>G 
I 57 
I 5G 
182 
i 85 
113 
I 55" 
I 55 

I ac 

189 

uo 

ido 
157 
1 72 


3390 

3590 

Z I 0"0_ 
] 900 
2700 
1 4 5 O 

Ta50 

1900 
1 305 
2637 
3200 
1 300 
2459 



Harlow 


mTLR«>TATE 


KlHHEPi 


1 AM D ^ 


PIC -1 


- -G 


sportster K 



LUSCOMe»E. 


monocoupe 


TAbLL & 

COMPANY 


PHANTOM 


no 



1 82 


179 


I 573 


I 200 


I 950 


IGl I 


NEW SfANDARD 
"PIPLR 
^IPER 
PIPE R 
PI PEPS 

PI PE R _ " 

REAR WIM 

REARWIN 

REARWIH 

RYAN 

"PTyan 

K VAN 
R YAK 
F YAN ~ ' 
5T£ AR MAN 
ST. LOUIS 
ST. LOU IS 


SPARTAN 


SWALLOW 


TAYtORC 


taylorcrapt 


taylorccaft 


WACO 


MODEL- 

P- 2S 

CRU IS E. R. J5 A 
STPTRAlMERf£L-4.g^ 
co upe:. JR-E 

j^"r. 

S POR.X ^ 

AL'^L ^ laud ST t r s 

S PE £ DSTLK 
SPORTSTER - 9000 
S T* 4 SPECIAL 


P- T. 22 £n r'-i) sr_-‘3 t 1 Gp 


.FT -ZS ST -4 

h'a mmqin P ' 

PT- LM -4 _ 
PT - 23 - SL 


NP- t 


- Z b 


TRAINER 


INDEX H? GROSS W 

I 5 O 3 40 q 

I 5 7 4 9 0 

^1 3G i / G 0 

1 4 3 I 400 

I 8 3 "2 000 

_t3G_ I I OO 

I SG I 300 

I G2 n OO 

1 42 I gGo 

1 36 IGOO 
_l_58 

i GO J_8G0 
I 90 20 ZT 
I 08 I 600~ 

1 G I 

1 4 2 ~2 O 1 2 ■ 



1 03 


I 22 



2955 


/960 


I 230 


I 2 OO 


I J 30 


3 250 


2G50 


-AIRPLANES THAT CAN &E ACCOMMODATED bY CLAS 51 IAIRP 0 RT 5 


M ODE-L. 


INDEX H5 GROSS WT 



AT - lO 


D ISC 


6EECH 


5ELLANCA 


SELLAMCA 


sellanca 


DOLING 


SOL ING 


CESSNA 


CESSNA 


lESSNA 


>NA 


FAIRCHILD 


FAIRCHILD 


FAIRCHILD 


ARLOW 



204 


221 


196 


I 9 I 


192 


199 


2 55 


5GOO 


1700 



202 14000 


3G6 118750 




24 W-41 A 


45 A 


C-GIA 


PC-5A 


COMPANY 


Howard 


LANGLEY 


MONOCOUPE 


M O RROW 


WKTH 4MtRlCAH 


NORTHROP 


ONG 


PHILLIPS 


spartan 


TAJ^ . 

ST INSON 



stimsom 


Waco 


WACO 


MODE.L 


DSA * I& P 


•> 


e 


f O L 


AT G ( S NJ ^4 J 
N 3 P6 


M -32 VV 


I- C> 


EvtCUTiVE 7 W 


C-71 

RELIANT SR IQ F 
VO Yager 


los 


EG 


7V N 


INOLK W- GROSS WT. 


22 6 

4 3 50 

2 I 0 

2 5 50 


2 I 8 


2 I 9 




4 I 5a> 


lOGOO 


2300 


2 1 60 


20 9 


20 / 


2 ! B 


ZOG 


1 9S 




I G 60 


I B30 


3600 


3G SO 


ACCOMMODATED 


COM PAN Y 



&ELLANCA 


E>ENNETT 


&Oe.lMG 


SOEING 


e>OElNG 


M 


T6 ri 


P* 39 C AlRACOBRA'' 


GG- 70 ( AIRCRU ISER 


CXLCUTIVE BCT- I 


IKDEXN?] GROSS WT 


270 67 50 


24 S 8727 


7573 





37 8 


5THArOCRUlBE.R 



244 



CONSOL- VULTt 


4 5000 


120000 


I3&OO0 


5700 


39 000 


rURTISS* WRIGHT 

CW- 20 

m 

59 

60000 1 

i LOCKHEED 

14 H 

28 


CURTISS 


CURTISS 


DOUGLAS 


Doug las 


OUGLAS 


DOUGLAS 


Indey //- 


c- 4a 


AT* 2> 


C-47, - A»-& 



2&S 


5 



C-2 


DC-3.-A,-6, -C-O 


= lV//7p LoacZ/r?^ 

_ oerm/s&ih/e 




COMPANY 


DOUGLAS 


DOUGLAS 


MARLOW 


HOWARD 


LOCKHEED 


LOCKHEED 


LOCKHEED 


LOCKHEED 


LOCKHEED 


LOCKHEED 


MODELU 


DC- 4 


DC- G 


PJC 2 


DGA- I5W 


ELECTRA ioe 


C-G9 C<^ONSTtLLAT!OM 



INOtX N? 


G3 


64 6 


252 


2 


GROSS 


73 o o o 


93 20 0 


2600 





AT- 16 


C-GO C 18 lO <5 14) 


Q - 6& 


3 1 O 


3 to 


(0 500 


85000 


18 500 


8 5 




3 26 




MONOCOUPC. 


Re-PU&LIC, 


HO SPECIAL 


RAINBOW 



/n 




Adopfed 


permissible gross. 

wing area 


^irporf Design 


45000 


5764 


26900 


U5OO0 


5 


26200 




^4^ ^ >/. 


265 



26 7 


15 5o o 


I 275 


1630 


113 2SO 


10 200 



JP>, 


/P 





















































































































table. A- MINIMUM FACILITIES 

recommended by C.A.A. 


table b- M\N1MUM UQMTINQ 

RECOMMENED by C.A.A. 




Droirioge 


Include 


Fe/~> c in g 


Marking 

IVind Di reef ion 
Indicolor 

Hangar 

Shop 


«/ 


v/ 




Fu e /in g 

Weather /n formation 

Office Space 


x/ 


6A5IC LIGHTING: 
Airport Beacon,' 
Boundary Lightsf 
Range Lights, 
Obstruction 

L igh ts, , 

Illuminated tV/nd 

Cone. 

Contact L/ghr5~ 
(Ir^eludino /&n^ Ltants) 

Illuminated lA/ind 
Tee orTetrohedron 


128(2 


IpHona! Include Include 


Include 


d 

d 

d 


d 


d 


d 




d 


Parking 


Weather Bureau 


d 

d 


d 


Apro n Floodlighting 
Ceiling Projecto 

Taxi' lights 


Tu/o Wag Radio 
disua! Traffic Control 

hisfration 


Aprons 


Jnshu/nent Approach 
System ■ nvhen 
reguired. 


d 

7 


Approach lights* 


d 


d 


d 

d 


d 

d 

~d 


needed 


IS- 20 


20-40 40-80t 


d 


d 


I ineinsTanariurj^ ^ ^^::fCons,such a5 

caf/on code deacons, cut depend upon /nd/y/duoZ re- 

oil-way type fie/d houing no alt-night operator to 

select landing d/rect/ons. 

3 Landing area fbod/ights are considered necessa'-" 
northern climates where bluing ttnowC^ti^^ -^ - _ 


y /r » < 

Vno*^c> 


TAXIWAY 


RECOMMENDED BY C.A.A. 


STandar 


Minimum Width of Toxiouoys. 

M/nimum distance between runway center //he 

and parallel tax/cuay center line. 

" ■ > ^ » 


Minimum dJsfonce^om doundor^ f^nce^ 
ohstrucfions ^ etc,, to foxiouac^ center line. 

Morimum iongdud/noi grade. 


Mojt/murr Mans^e rse grade- 

Minimum Single fax/ouat^ /nferseef/on cu/fh 
run LUO ' 


I 

HI 

fv r 

1 

50' 

50' 

50' 

50' 

275' 

275 

275' 

275' 

too' 

ISO' 

150' 

200' 


2i% 

Zi7. 

2*27. 

l2% 

l2% 

127. 

//% 

60^ 

60^ 

60’ 

GO* 


Runudou grades shou/d noi be a//ered fo metei fax/cuay in ferseefions - 

targe airports where traffic is heavy it may be advisable to construct a ouormmg 

up apron and bypass on fox/u/ays conneef/ng fofde enc/s orruncoayS. 

Tax i ways snou/d connect to t/ie enc/s ofrunouoys <^r on ong/e Ot /ess f 

90*^ rp incoming fra/Y'/c^ 
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WIND ROSE 



Total % Of Winds From Indicoted Direction — 


15 M PH.-J 


indicate 


NNE 


N£ 




ENE 


I ^ 
1.6 ^ 


1 . 6 ^ 


4 

CALMS 

0-3 

M.PH. 


I 




- E 


.5 2 


5.5 


13 

SE 


o, 0 I 2 

Scole In % F'L.^ 
All Fi9ure$ Indicote % 


plotting of wind rose. 


The daicr re q u/ro c/ ore ihe 

overage hour/^ ye/oa^i 

one/ c//reo//ar? oT/he pv/od 
for ey per '/oc/ of 

JO /f poss/h/o. 

3e C eyre fh/s c/afo fror^n 
loao/ o bser]/cyf/on . U,5. 
lA/ea/he r 3c/reacy or O.A.A. 

Converf hoc/r/y c/o/e7 

pence r foye r of //?e 
fofo/ ora^ p/nf os sfarvr 

/r? Seyrryp/e- J/\//r?o^ JPoSG. 

To Connpey/^ le/f/rd Cove rape 
See f/p^ 3 j6e/ors/. 

Cover ape refers /o % 
of //rye //?a/ c/frpor/ 

C cy/ywapy^ rr? ay Se c/recJ 
for /aref/rps 05 c/eJen/n/rred 
hy v//rc/ l/e/o o/ /y rare/ 


fig. a 


3AMPLE WIND ROSE* 


11.5 


N'S 


6.75 2.75 9.5 NE-SW 


5.35 1.15 6.5 


E-W 


4-15 

12.95 

16.15 

14.65 


15 Up 
6 55 

4.35 

~Tir 


10.6 


4.2 15.0 NW-$E 23.05 12.95 


Totol 

21.5 

20.5 
16.0 

36.0 


SAMPLE COMPUTAflON FOP RUNWAY COVERAGE OF WINDS^ EXPLANATION OF SAMPLE COMPUTATION 


Wind % »* Wii>dt-ir>M.RK Rnducing lod Points 4 Runwoy Runway CovsroQS 22.5* Eoeh Sl«ls . 

Ilfseitow 4-15 h5 Up I Total 4-lS 1 15 Up pTotol Oireciions 4-15 I 15 Up I Totol CoJ, I S* C. OrC. foken /TOrr? ^ /r7 o/ ^OSO . 

N 3.0 4.0 9.0 6.2 5.3 11.5 N-S 12.95 6 55 21.5 Co / 3 JS SC/m O F Ch / . 

ME 18 il 10 175 2.75 9.5 NE-SW , "Is.Is 135 205 Co/. 4‘,S S- ^ Vo/c/pS" O^C/a/ C q/. f ^ 

EWE 0.6 0.2 1.0 ^ ^ 2 or 3 va/cz&s' r yZ Sarrr o F Va aSoi^e 

c 4.2 0 .B 5.0 5.35 1.15 6.5 E-w ~i4.e5 ^ir 16.0 orhe/oi^ /n Co/. /, 2 or3^ The B po/nfs 

iSl if: ill TE SiiE ^.o ore 45 //>«• va/ue Jr, Co/. 3. 

ssc t.i 0.9 2,0 I ' rxamp/e for Se : 

— 5 *:? Q IZ®. ^ . ' . Q f? G/i/erj : Co /. /,2j3. FeQt//red i Co/. 4, 3 G . 

%w ^.9 1,1 9,0 94 1,6 ii7o~ ZZZZ 3o/<J/-/or7 : Co! . 4 ya/Ce = 5. 5s /s C ! !) 

wsw 1,6 0,4 2.0 " - lO^B ,* Cc/. 3 Value ^ 3 .3 3 'f'* 3} = 4.2 ; 

_L^ JL? Co/. G Vo/uG ’l3-*-Vz( 2-*‘l J3 . 

ul f.T TF Irt 5 a .75 IFF Co/ (S- cr/se egaa/s Co/. 4 l^o/ue-r 

WWW 1.3 1.7 3.0 Co / • S yo/ae - lO. B -f- 4 .2 ~ 15.0 * 

(TOTALS sTo" iia" ioao" 67 .o iiio " kxxo 67 .o 29.0 iooq <^!’ By 3 £* to ore rGc / ejp//on /a -4. 

OL.Noi it545€7 33 10 a //~ea f /ons Sg oc/c//r- 2 p ycy/cres /rf 

^ ^ ^ ^ ^ Co/^ 4. 5 G, 


Wind % 4 ' Winds- 

in M.Pt 

Dirsefion 4-15 

IS Up 

Total 

W SO 

4.0 

9.0 

NNE i.l 

0.9 

2.0 

ME 5.6 

2.2 

8.0 

EWE 0.6 

0.2 

1.0 

C 4.2 

0.6 

5.0 

Ese 1.5 

O.S 

2.0 

SE. 9.5 

3.5 

13.0 

ssc t.l 

0.9 

2.0 

S s.5 

2.5 

8.0 

SSW 1.4 

0.6 

2.0 

SW 7.9 

I.l 1 9.0 

WSW 1.6 

0.4 

2.0 

W 6.4 

1.6 

10.0 

WWW 0.6 

0.4 

1.0 

WW il.3 

7.7 

19.0 

WWW I.S 

1.7 

3.0 

CALMS 

- 

4.0 

totals 67.0 

29.0 

ioao 

COL.Noi 1 

1 t 

5 


6.751 3.25 10.0 


9.4 


II.O 


9.5 2.0 ll.S 


12.25 6.7S 21.0 


67.0 

4 


- 4.0 

29.0 KXXO 

5 3 


67.0 

3 


29.0 

3 


4.0 

100. 0 

10 


eXAMPLE Fop. NI/V-BB : G/ven ; Co/. I !hrot/^h C. Reqa/rec/ i Co i . <9, 9 ono/ !0. SoJ_aJypr> ' Co LB 
VaJue = 10.8 EErom Cot/4 opp. BE) +12.25 (from Co/. 4 opp>. /VWj = 23.03; Co! 5 va/ue - 42*8.15^12.%; 
Col. 10 yotue- = 15-^21 * 3Gy Co 1 . lu va/ae also 0 <^ua/s C 0/.8 volue ^ Cot.3 value = 23. 03 *■ /2.33 =3G*0O. 
CHBCK OF COMPUTATIONS - CoL 3, G and JO mush ho /o I lOO Vf ^ . 

CO VC PAGE ppovioe a &V i To 4 po/vv/ay^. 


1 Ronyycfi/ ~ 3 C% {A 4 as- yo/ue />? Co/./ 0 )i‘ 4 yo /For Cu/ms) = 40/0 • h/h/- SE / 2 ur>/^y/ay. 

2 panivaas- htO^/ahayeJ *-2!.5%3{/7exh lorgesh Vo/ue /r? Co/./O)- G/.5 % -A/pv-SE , A/~S. 

3 Rany/o^S-G /.5 fohove) ■*■ ZO.BVoCnexf torpesh yo/ue /n Co/./ 0 fB 2 % - NlN 'BE ,^-B , NE - Sh/. 

4 /Zum^oys - Orion ted ah 45"* pv/// o/woys give /OO % coverayG, 

FIG, e. - USE OF WIND ROSE. 


^Adopted From CAA. 


FillSection 


Cut Section 


so 


vnaSfrip tVjdt, . - ^ 


SMndord- 

Turf. 


* mdfh\/one£jeepg^^ 


/ on^OMox. 


^ an ^0 ¥cs. 

V /cnS Preferred. 
Jafe S. op es • 5 ee pp* * 


'Min Slope O.S%-concreh 
r, » 1 . 0 % l>i^um/nous. 

„ 1.0 7 . to LSZ Turf 

^rj'ox. Slope ■ See pg- ^ -is ^ 

rtG. A - CROWNED RUNVy^ 


See pg 


L on ding Si'rTp 


Turf. ^ 


Pa^ed 


Turf 


Runujag 


Landing S/r/p 


Paved 


Surface 

Drairi 


Max, S/op 


Runu/oy 


'/^/n 


S/ope 


nor V. 
Uin/'^ 


j-rs 5 iopes~See F/g-A. 


for /^ox/mum and 
/^/ntm(xm S/opes -See 


Surfoce 
Dra/nage, 


f/g.A. 


G B- RUNWAY ON SLOPE 

xDFroMMENPrn-FlG.C PREFERREa 

So fgfq CLe aronc^ Zone - jY 


FIG.C - CROWNED RUNWAY ON SLOPE- 


Landing Strip - L. 


/ 


5 \ 6 e C\earQnce 

Angif- 


/ 


Areo 



Shoulders. ■ 
1 Runiuau-R. 

I 



r.ttOSS SECTION. 


Graded 
Area 


NOTE : See p<j.4-l6 
for B..S.L & N. 

Si'de Cleorance 
Angle. 

I QpJl 


'OTES: 1. Shoulders: Stabilized to carry ojra/nonai njones except 

r Graded Rrea: Graded, compacted pnd .f. 

during coef cueofher. hlo obstruction of any Hmd permitted. 

^NoTrad^-ffe^Pe^i ^os%ecificolly regu/red bu oirdroi^ commander. ^rmally 

Zt foTFr Zer Objects should be removed if /heypmject above a ton 7 

fhom edoe of landing strip. Contra/ Tpcuer permitted. 

4 No ponding of surface cuoter ot edge of runway 

5. SoFoce drainage of shoulder shou/dbe acuay from runuidy pavement. 

Viz, ZZiZZZ/c % 7 iZd,an Slope or, h^^Merond may 

CRITERIA FOR CROSS SLOPE S. 

SURFACE SLOPE 

/. Compacted Earth and Situm/nous 1 /.^ ‘ZlH/n.- 2 % Mox'X for regions of iighf precipita- 
surfaces other than ospho/tic concreie\ , I tion, transverse s/ope may 

2. Asphaltic Concrete. h„rtj \be /% Af/h/mum. 

5. Portland cement concrete. !% Minr rd%Max. ) — 

Sub grades ore cross sloped, preferably Same os finished surface, bat not /ess wan ^ « 

FIG. D- STANDARD ARMY CROSS SECTION A ND CRlTERi.^ 

See pg. 4 ~iB for add/fiono/ Army StandoraS. 

* Adopt ed from Atriation Ena ineers' Manual. 
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master PLAN5-1 



5280’ 


n 


V 


150' X 4750' 


J I L 




5p3 X V750 


2«S’ 


o 




-iO D'O 

m 


r ♦ : 


Adm 

Bide 




01 


Auto 


Pofkifsq 


26S' 


.4 


<s 


'♦P 


.._J 


— Class T D e ve I op rn e n +. 

:a-ctc,ssn 
I— ^ - Cl a ss EZ 
I -UlfiT-na+e " 

Increase 4760' and 5000' runwoj^s 

+o 5500' for Class "V Airpori. 

CLA55EZ: AIRPORT - RECTANGULAR RUNWAY ALIGNMENT. 

AREA REQUIRED^ 1 5Q. MILE. 

STAGE DEVELOPMENT SHOWN. 


^ Ada pfecf frorr^ C, A 
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AIRPORT5 


MASTER PLAN5-2 
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Oulldiog Areo 











•Ttli 


N. 
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1^0 > 
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/P 

/ ‘h 

^ 5 




N. ’ .'y ^ 
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Auto - 5 Porktnfl 


,#',P 

\.K 






L-EG El r^P 

- Gloss I DeveIopmen + 

- Cl OSS X 


- Cl Q^s 


I - Ul+imafe " 

increoe>e 5000* runways f o 
5500* for Class 3Zr Airport-. 



CLA55I? AIRPORT -TRIANGULAR RUNWAY AL\GNMENT. 


area required = 1 SQ. MILE. 

STAGE DEVELOPMENT 3H0WN. 


Ac/ap/^c/ frQ^ C,A,A 
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MASTER PLAN5-4 
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CLASS lY AIRPORT- SOLID LINES* 

^ " CLASS Y AIRPORT- DOTTED LINES 



AIRPORTS 


RIGID PAVEMENTS -1 




pmPIRICAL APPLICATION O F WESTER GAARP FORMULA&r 


h//^h /arp<s r/re 


hers /sh /s Jooc/ /nfens//-y /n Jbs. pS rSq. /n ■ Cous/noa StJ Sgr oc/s a/e- 

,^^cr./o^ %e/<y'lcod &eor/np Tes-bl 

'S^srlna o.'o.^s or M s so6pra<^e, o bf/c/^^aAtja^b ^een/Zre p/a /e yc/ / J>e^nr? 

%a/aes of f< ora pivar. on Ps-3-08. See fp.3-/7 fr>s/pj^^eohon re- 

C/I.A. reoa^m^eno's po^ernpr.f ^^'<= ^ 

S^oe ''/h/cPness- to - for free eS^ej- on a^ free (anSo^r/e led ) eypans/on joinhs' 

— %ene~o//u a’esJjnld as 133 U 1-5 1 1 . fSgesrrafsadjecf/orpna^jrsoakos 

/oxffroqs and aprons ore offer, nofM/ckened CAA r ec o mme no's ’ & 

/f Jess fkan S^jic -tj forti S" and aver>. ^ ^ a , ,r 

Whe&z /ootd for' <des‘ / drr i for run ,voys t/se '/So f recofnmendeo'qross plane rvf; ^r^A-IS. 

c/^e fa dunom/c /aod/np onaT /on<d/np /rrypae f ^/reSS fZr /urn- 
n rounds, aprons, hards land /nps, fax/kuajs and o/Aer oreassu6jeafloh,phsheor,ng 


3 . f esses 


aoro/7S, narasrarrcy >» / rv «-ry w,r.^ w. ^ ^ . -- 

due /o /ocAed dhee/ /urn /no Orid di/norrr/c s/ress c/ue / 


cl '’rTlrefJ^’iZlVlln o 's/H'^sT - 23 doy ^//^yuro/s/r^nyM {Modu/us ofpup/crrej 

d/v/ded he 173 for nor nMo/ opera /'On and Ay /. dO for /rnn/^d oporyf/i^. 
Poren,en?s des/oncd for //m//ed oporo/fon no/ fo he fhose suAj^c/fodqnomtc 
lood/nq. f/eyura/ s/renyf /7 e^uo/s' oAou/'/G CompresS/ire s/renyfA. An eca- 
nom.cof pa^/nq Cor, ore /c prou/cdh^ 700 p.Sd . f/exdre fj^renqf A ond 

4300 p,S.L' Cor^preSS/VG tA^€7/&r^-ce^rrj^f77^ raf/o a f 3 /S 

ci/7c/ (Oe'fnc-ri'^ per Ou, yc:/,) of /?o^ /ffJlT ^h9n 

Pove rr^ e n i~ Defa//^ • S^e Py^4'2/3^2&^ 


DESIGN EXAMPLE *. Subgra^^ /7T^crl//z/j- o/"/*c<^<?^/br7 /C 

UfheeJ loac/ of 37.000 /S. , 42es/pr9 f<7c/G/- of /.J3 (norrrfc*/ o/>c /^/ory ) 

Conore^e of TOO /6. f /e y a fa / s/re ny 7/7^ 

RcQU/rco/ ^ /rr/er/an arrc/ e^c/ye ^/r/ck-ness fan 

So/a f on ; y/ or A: Jag s/ress ^70o//.7S y dOoJbJsy. //?. frerjj^/r? ^ 

//rMrJon s/o6 //j/airjes'S // Prom carves /f 6 J/Tches. [>> t T::^" Ai . >• ti 

cc/ge /h/cMness -tc ^ t-5ti = S> /noAcs. ^ 


QOO 

700 
600 
500 
At 400 

O ^00 


COMC.WOftKlKlG 
TRESS- 500 LB 
S>*r^PfR fta.'N. 




. 

u.*jC 

E'z 

^ o 


80 

70 < 

601 

50 


50 


H 200 ^ 

^ 100 1__?^ 
ui S 
Ct 

INTERIOR THtCkN 


I ^ 

500 — 

^ 400 

V 300- 


ESS OFCONC.SLAB.t li’h inch#* 


2 200 




100 


U.*y 

O* 

#» Z 
3 O 

sS^ 


BOO 

100 

coo 

500 

dOO 

500 

200 


S G 7 3 e 10 ft 

INTERIOR THlCKMES&OFCaNC.SLA&.tL 'inincbc*. 


100 


"5 e 7 3 9 10 II 

INTER 1 QRTH 1 CKMESS QPCONCSLAB. ll In frxhc^ 


FOR CONCRETE 


Sfra/ion 


.S.CS. 




TABLE 6 - TRANSVERSE DUMMY 

GROOVE JOINT SPACING -(L). 

COARSE ACSQREOATg I VALUE OP 


Crushed Qron/fc 


Co/car^ous &rave/* 
~^J7Feoul Sri7\/a/ and 

■ All desalts in oocar&onoe 


15' 


01 NT. 


NOTE 1 : 

/V x^o/eyes c/eosnc/s- 

on jOov//7ff Bfa/pn-fen^ ovo}/o6/e /on 

Job, Po\/ers ora /notJc for W- lo' 

^> 3 ', Jb' ' 

focommerr e/ao' w yo/cfc. 
tVhera IV /s /eso Zo', orr,;/ 

/on^/rt/^/rfo/ Dt/r77/77y 6froove Jb/ntl 


refcf/remcn /a. 
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AIRPORTS - RIGID PAVEMENTS*- S 


I FffFNn FOR FI6. A6-&- F0RX>lNTDETAIL5-5eeA.iifl 


Lcngi'f'udina! fxponsfon Jo/nf. 
lc-rq.':^tjc//>7cf/ Censor cfc:^/on Joint. 
lcr>~Q.'/lWyno/ Dorn n-rg SroOv'C Jt. 

SYMMETRICAL ABOUT 4-) I 


..= Tnon T 1/erj‘e fxponsion Jolnh 
Ironsvysrse Da/r*/r*y Groove Joint', 


SYMMETRICAL A&OUT 


; /, V'<54'-25>'. ^ 
Chd’kjs- fx>^SS'.‘o!SS'-SO^*- 

cc- ::y-!oc^y. 
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FI6.A- 4 JOINTING PLAN 
RUNWAYS AT RIGHT ANGLES, 


FIG. b- 4 JOINTING PLAN 

sS runways. 



End of 
Runway 



F16. D- INCREASED DEPTH 
AT END OF RUNWAYS. 


FIG.C - INCREASED DEPTH 

WHERE TAXIWAYCROSSES RW. 


^ A// c/efo i/s /n occoi^d ca/fd CA.A, 


AIRPORTS 


4 - 2 : 


FLEXIBLE PAVEMENTS-! 


f.f APIN 6 RATIO fCBP . m ethod OF DESIfiM. 


P*r'rr>irtu/c /, 
^o/tsaT /n yo//o /o Mo/ 

Tnc Sams Ms/ /s app/I^ 
obfa/nsd a/ /As secoy-,c 


c /o/a/ </^Ma//a» f^c ^mp/s 'a^ra/^ 

^ supporMbfcro^AZ^ L a c/ /s^eo sur^ 

s<^ sf/er/Ae /htt sarae Ceac////o/?T. 

W S . a//oivse//o saoA /hr /bar- c/aos^ /A^ ^ 


Course. VQ^ tv/a'e/if os /o CA/f /Ao rrro/sr/o/s ov^oz/oA/g. for hose 

hzAfto//ooc/s Poro'ss/or, Vt nf recs‘^ Ae /Ae soms 

Tf/p/eo/ SscA'oas - See 4 - 3 o, yz-oss p/ooe Mze/^h/. See Pg, 4 ~/ 5 . 

Resign example ; G/ven .- 37.000 /a. tvAes/ /eoy ^ 

^bgroye fP CA/^ 3, sizA-bose mo/^r/o/ op CAp /5 /oLer -f ^ ^ TTTf 

A 7-A/ C W W o Ppovzszasaf W 3^se /goers, “ - T ^ Zoyz erbose__J_ 

^ 7 tJf/omCSee r,y. p). ^ ^ L J J:ob-bose k 

eik*^ 9 " St/Agroe/s of CAJp 3 /s S/'l ^2 IS , ^ f 

\~ ovor Aoso aP CAP /3 Js fd'.' j 

^rsp d. ~ fftekne^ over base of CAP 23 /s 9", ^ » i 

t” or 30 ^ base ^ 3 'ofpovemen/, Tab/es A A-c.) Subgroc/e CAP 3 -7 ^ 


ui 0 

flQ ^ 


^ 5 g 7 a $ 10 


to 


30 40 30 QOTOBO 

-• Mim/h. ^veXe/ly^l 

\ne/ \ 80 % JqxC I 


< 

^ 15 
u. 
o 


-.30 

UI 

z 
o 



TABLE B-PAVEMENTTHICKNFS! 

Cenfra/p/on/ ho/-m,\ Ai/omJrxzos 

Concre/e preferred for normal use. 


OESia Ki 


PAVE.MENT 


IVHEEL LOAD THICKNESS. 
Up /f> 13.000/63 Min, f/z inches 
/o 37,000 Jbs /Pin. 3 IneAes 


^ // occordonce iv//h 

over 37 , 000 /bs coch cose, 6 a/ in 

^C/fCrtf/ nor os/Gr & *1 


TABLE C - MINIMUM ALLOWABLE 

CBR UPPER g'QF BASECnURSF’ 


GROSS WEIGHT 
OF PLANE 



3 Q ,000 to 74.000 /bs. 


MINIMUM 
C B)R. 


30 


65 


^ ^ 56785t0 15 20 30 40 BO cpi m on , 

CALIFORNIA BEARING RATIO (C&R) IN. PER CENT Ti/y/hfy' 

ma/‘er/ 

Fie. A - CURVES FOR THE. DESIGN TPli 

OF FLE XIBLE PAVEMENT'S* j j 

'j “ — I Jtov^/rrej 

Mj/t/org Air//e/c/s Ag Co/. Somes P. s/za/for 

Prm^^ce/f/7^ ^PMe A.S,C,£. 


74,000 fo 120, ow Ihs. I QO 

TmnfbNvelt/fsfobhshed for c^se whenCS/^8i 

mafer/o/ is noif /ocoU^ avoUabfe and 
/mpor/a//on js f/nprac//G <2 6/&. 

59 S» mo^rjty/ of /gj^t /-han CB^ 3 o 

sAov/d rfo^ used d/rec^/n anden o 
f^^^n»enr 8/hen Sv 6^radc soi / Js p/osf'ic • 
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AIRPORT5 


FLEXIBLEI PAVEMENT5-2 


Seal Caa-t 0.1 /o 0.3 <S a / . .R.C.‘2 and 25 /b.± Sondp^rS?. i/c/. 





'Hint. 


msm. 






-2 ”/<5 3" Cen/ra/P/orr^ Po^M/x /is/>So/Pc (Tone. 

coa^ 0.2 go J. M.C.-2per- S^.gd. over 3/Y. or Cer^ 

V „ .. o.s /o 0.5 ga/. MC.-t per S(^. yd. over grave/ &c 

I .. - 0.5 /oO-G go/. /i/.C.-J Crushec/ ^ 

3 " fa 3" £>as^ <ro<j/^se. 


. Sfabi//jBc/ Base. 


s/one 3ase, 


dub groc/e, Compac/ec/ sahgroc/e, or Sorrc/ 


Gr-O y/e/ 


s'Lb^b'Tse’ 'oj regu/rea/. p&e Pg'.3-n for fi-as/ pra/eaPon repufrerren/s. 


TYPICAL SECTION NM 


Sea! Coo/ (see f/g. A) /f saga' /r? 

oggrega/e over */0/h X/je. “O 


ASo/cS /►tf'/aiAZ. 

Sea! Coof 


•j- 






f 

- 4 " /o G" San aspho/f^ 
-Sar?e/~C/ay Bare. 
ScJb prac/e ef^- as- a6oife. 



TYPICAL SECTIONNil 


3eG /^o/es be/ofA/» 




U L2''faS' Jspha/f/c Co/?cre/-e. 

/ / ^ — TaeM C^oa/" 0» fS ffoA R.O'Bper 

/ ^ 3''3/fe penefro /-/on Afaaac/ofTn, 

^ 4'* Crashec/ SAane Bare- 

Suhprac^e eba. as oSai/e. 

TYPICAL SECTIOSl N° 3 

■ See A/o/es be/okv. 


S/OT£ 5 : Tupioa/ Sec/Zors subjec/ /o o'es/gr ‘^^o'/gs/x. See ToS/e Vi he ^ 
far &o xe Courxe Ma/er/a/x. 3 ase oaurxex rr.og be rrje ohary , 00/^ x^oju//je^ 
or x/ob///\ed tv//b b/furry/rTouS.c/yeno/og/ or Porf/aric/ Cemer?/ oa^ro/y^rex , 
genero/^Lpar/ed rrya/eryu/s regu/rea/ Sc^b groo'ea rgogbave ^uPProyeryf 
leor/ng fo/ue or be aorryposed of se/eof barrow ary srfe. 

5 c<zi-.l- Conrrroory/g used over enHre Uryi/ed S /a /ex. ^ 

Sec/ 1 -Cormrryory/u uxed in Souf/rerr, Sfa/ex. boxeforrryed by oddoyg Sand 
arcl^ /o c /og orxa.adrespec//ve/g 0/ Sf /e ar ympor fyr,y from loco/ depr^xf/s. 

Sec/. 3 - Co mm on /y axed in Met^ £ryg /ond aryd g/id- ff/oni/o Sfa/ex. 

TAbLE A - MATERIALS FOR BASE COURSE^ ^ 


A telACIAL CLAY CRWET SHELL rI^^kNcKE 

gravel gravel 5T0NE qrawite ^lav sjone R^ck 


LIME- 


OrCOUNTRY'AOb: 

iV £A/GL A ND 
MID-ATLANT/C 

3ourH-AnA/jnc 

MIDDLE SOUTH 

FLO/RI OA 
GULF COA3T 

South evedt 

ROCkYMT.e W£F COM 


>< 

>< 

X 


X 

X_ 

X 


nWL^ 4 fWi i.c Cr \ \ \ I ■ ' L_ 1 -r ^ ^ 

A/0T£ : The^e. mo^^rfcy As ho\fe a saf/s /ac/ary b^ar/na vo/cre^ bo Se c/seef b'ojj 

b^ 'coc/r.XeP and Cory be used a/ary e ar b/enc/dd 

Meefory/aa/, S//um/naus. c/yermica/ ar Porf/orydoerryeryfx/obrfjofory 

he neaassar^ fo p re^c^g/r^cA c^a/Typey^b/ op-f • 

'^Adap/ed from E n g } n ee ring Manao / ■ IMar D epf. Corps o f Engfrreers, June. 1042 


airports 


PAVEMENT DETAILS 


ri 



- -.iiTvo : 

■ '4 


•\s-vL, ;;.■ 

L . c 



fiuhher hare /o he 
rern ovee/ o/'/e/* 
Jniflo/ sef of 
Concre/e^. ^ 

L'» 


^ Go/vO/ 7/2 
A Aa/~ . 


csl 






^ADia. 


C4 


<M 


4'0'' 


f 


I2£_oio 

Holes. 


t1 


5 


•'ll * < »t 

A 


• CSi 


*• 'A' ' ' * '^ • /** f • .'t 

■••■ -■•:.■ • O I, '.•■ ■• 

. . < 1 . .- -a-. ■;. . •---■' ^r '-- 

• ■ ' ■ . \. 4 if ■ .-I 


0 



fdges of groove f-obe f/ry/shed^ 
S/rioo^h offer hose /s 
o vecf* 

FIG; A - Tl E DO WN ANC HOR 

FOR CONCRETE APRONS? 

PLACE ANCHORS AT 20'CCNrERS bOTHYmo 

INW^RM UP APRONS a PARKING AREAS. 

2oo* 




2 SfoncAor'cf 
lop welded 
Pipe. 



'VlQ Dio. HoJs 

V4' X 2" 5o/i 
3p. fleod& daf\ 


'O 


Anchor 


4J 


INSTALLING TOOL 


Rubber Hc>se 


i 



» • f 


* > 


i ;. v; 



' ' <3VZ'r: ' 

w t-.l ■ -■ 

•. ’<1 


4 -’. 




ANCHOR 


^Aochon 

SECTION A-A 


.. .“ti-A 

lJ7 Dig. MoJe 

Filled wibh 
Corcre/e. 


£0 d of Ao/y woy 

FIG. C-RUNWAY TURNAROUNDS* 

not required at RUNWAY5 fSO'tf wider 


FIG. 5 -TIE DOWN ANCHORS FOR SOIL 
CEMENT & FLEXIBLE PAVEMENT APRONS* 



/ 


/ 


/ 


2&q' 


1 


/ 



^ NOTE : 

' Qfoos- ha fched 

73 R. And/ Oof OS spoc/o/ 


poverty er/f for furns 
tv/fh JocMed uv heels* 






2^r' 


/^^^fvivre By-po^aToxiway, 


400 ' 


1 


layouts of ends of runways! 


fA7 




OCrT^ A^ri/ 
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airports 


DRAINAGE - 1 


geodes. always be provided io remove 

-cr vvafer nemo/ning on causing possible Frost damage ond 

^ %JlZ7Vtab1)rt% frost 

should neyer be conndned. 

nrsiCSIM- PC. 5-01. OZ, 03 for general, methods of campufng 

below for C.A.A. recommendafans, ^ 


j'^CSS60 '^O 


i.ana'i'ng 5frfp^ 
Turf. I Poved 


e'xis'on. 


Runcfuay- 
• . 


»• — Lanalng 

[Des/ypt^^ fo/oca^±j^ Paired 

Xafedgeof Ipndif 
SfripDuf 
/»% 




Off fu ui^f w/ ' 

75 'ifhm edge of pcyK/^2,^ 


Turf Ouder 


V 


^ No -^ura ' 


' Max, 5 /opes -See pg.4-1^ 
Min. S/opes -See pg-4-20. 

9 


D.-a-r age Cronn e/s . 

FiG.A- SURFACE DRAINAGE. 


Slopes as /n 
Sect/'on A- 


Druujef in porous soils u/Hb locu 
groord utoler level or Mar bole af 
lolerol /'n p/pe drainage sgsterr. 
See fig- B -/^. 4S3 for Dry well detail 

FIQ.B- SURF^CE DRAIS1AGE> 




EMBANKMENT 

PROTECTION. 

See Fig.F- pg-4*33. 


Lnr^d/nq Strip. 


I 15' //tin. _L 


Turf Guhen 


Paved Punu/oy- 


^Oii-ch of foe of s/ope may 

d/sc/^orge fnfo faferof or may 

be cortfnued fo d/scdorge ofT 
s/fe /rfo nofuraf dro/r>oge 
cdoryne /S. 



Lot era/* 


Monho/G or Dryrte/I 
as /rf f/g. S> ahoife. 


FIG. C- SURFACE DRAINAGE 


Drop Inlet Just inside or 
0 ats/de pavement edge. 
See fig- C-pg- 4-33. ^ 
Average Spoc/hg 400. 


I I ^ ^ - w ^ ^ A 1 R 

SURFACE RUNOFF COMPUTATIO N S* C.A.A.METHO ^ Q. - t t t 

5 c Runoff - Cu. ft per Sec. 

A = Droinoge oreo ocres, 
i - Percepfoge of /mpervlousness of fbe soff }/i Tbp/e 

R d;nche5ofrainfo!/perf)our, use 2yr expecfancy.FfgJ^ygdOO. 

T -Duraffon of rainfall - Use / hour, 

^ M 


j • uL/f L/ / ' / 

i z Time oiiocued for remowai after storm - C/se 
2 fours (See note beiouj). 


Runujoy Pavements ^0.85 foOS: 


Heavy Impervious Soils 
No Turf. 


SOfoO. 


Imp. Soils outfh Tuif. \a4QhO.H 


Perv ious Soils ' tfo Turf ))p.20fvOS0 


Pervious So! Is- uilthTurf^tOtoOSO 


EXAMPLE: Given : Area acres, '/s paved (I -Q.OO) 

turf on pervious soH (I ^0.30); Airport /ocat/on . Central Ohio. 

Required'- Q- 
Sclutlon : Average I = '/3 x0.3O t % 

R from Fig- P ■ pg^ 5-00 ^ /, 2 5 . * Q - T~F ~2 * ^ 

NO TE : Ponding during "t time, Z brs.,should be kept ocuay from the edge 
runujaus ond frofF/c oreos, 


9^1'^ Subdrainage 

fade obot^e A/gb ujoferle^el. 


Landing Sfr/o 


Oround 



750 ^^co/ nmend^ 


^i^ed Run wag 



^rap grounci u^ier . 
■^ftohs Mroug h dm holes uyiih pervious maieriaL 




base COURSF DRA'M^ 

forde-^oUX x/of a Subshbufe fnr 
Sorface dro/nage. Regained fo /oujer 

ground u/ofer fo pro fee f against Last 

Oct ion and s ofurofed unsfadie bases, 
^ddifionoi drains under runcuou mou 

be regu/red ^ ^ 


Located at airporf boundaries 

ro /o( 4 jer ground u/oter. doth ditches 

& base course drains deep enough 

depTo/ 7 en?fr 

-Q. G- A- SUB DRAIN AGE TO LOWER GRQUNn wat fd 

gg g. s-oe dr 5-07 for Subdroinage design data. 


Subdrain cutopf , 

Generoi/y used toinfer- 

cepf ground u oier f/oui 
toLUOrd runujoy. C/se 
det oii simi/or to 
L/'g. D be/otu. 


CL frame & Dished GroLe 
tensile stress 
4 0, 000 ^per sg/n. 


i^t ieos / d "behuj 
grade of pdjocen 

aroundi 


75 


Gfr/p~~ 
3 ‘ idtn. « 


Turfed Area. 


/3 




PPQ 

■ 2 I 1*1 

tw.J 



INSIDE VIEW 




tCmail 

^penfna 

g insider' 




section 

detail OF CONCRETF 


'einf Cone 5 fob. 
6 ''x 3 " X 10 " Tapered ceil 
cone, biochs, hid ujith 

holes horizontal, laid 

dry ej(cepf top two 
Courses ojhich ore h/d 
in li 2 mortar. — 

^ Coarse deon grovei 
^or placed after Luei/is, 


Cone . 8locH hid radially 

CTION THR 0 U 6 H 
DRYWELL. 


straight^ 
Grating. / 

Cteonou)^ | 
tfonhole 
S00tspd(^_ 

J 



Poy^ Run LUC u 
or \ shou/deif- 


— * 

Straight Grating. 





Min.'iZ Dia.Pf pe 'TighiJoinis. 


J 


Later of in surface 
drainage system. 


fIG.C- DROP INLET IN P AVEMFMT 

'Pored Runcjjoy. 


imperr/ous Mater ioL 
/C'Deep. 


FIG, B- CIRCUl AR 

DRY WELL. 


filter' fordesign- 

seepg.S-iS. 

Porous or Open ^ 
Join t Pipe. 



Stabilized 

Base. 


•'€ 4 . r-o"^ 

imperrious Aioteria/. 
^^Pipe - 0 ._D. 7 ^* 


FIG. D-BA5F DR&IM 


€rjt a" 3i\ 6 


z'-s 



Thickened- 

edge. 

ShpedotLom Lo 
d/scherge info 
dru OLfeti or 


r I 


r - iM S 


6 




I VK^Y 

!■> it. r« 


pTpe system. SECTION 


remolded 
non-ezhod/hg 
ezponsion Jo ini 
materiQl. 


> I 





Cone, or 
Pubble 

Ufosopr 
GuHen 


I**# ' -.i f '* • — 

•1^ •' '. J r . ^v I i' 



:N:-. 


ir-ifH-' 

f * * » - 


• r 


PLAN. 


FIG. E- CLOSED GUTTER WITH 


COVER PLAN 


Dro/nage Pipe 
Tigh t Joints. 



for use On 

suff/c/ent s/opes far runoff 


tuorp/ng 


cum noi 


give 



ION A-A. 


*Aa/opiecf from C^.R. 


FI6.F-EMBANKMENT PROTECTIOI'fl 
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AIRPORTS 



TCLCPHONt OR 


iT^-' j; 




APPROACH ZONE, 


/ MmnuMvn ^vivW| 

NON ’INSTRUMENT 
RUNWAY. ^ 


V 


POWER LJNE -n I 

, 1 ^ 


/ 


\ 

\ o» 


O ConioefLig 
® Ceniocf I ig 
® Range Lig. 
^ Rofo/'/ng 
-f=i M'n<^ Te. 
ISI Ft B/d Tro 


-r 


i 


f 

\ . 


/ 


locate o%l BOuNOAUV 
G-” A* £ AC^-* CCBVifc.^ 
r« AN 3 -G. 


, I > 

o!^ ' < 

0^ J 0 

c:: / ^ 






- vr 




A 1 P 53 O K T 




®EE 5 


> / 


2 - 3 " 

.OUCT 







^---* Unc/ergn 

— Wre ^ Cob 
f 06 s/r 4 yc//c 
T OhsfrucHor. 

• Obsf'racHc 
] r% ko/ohng . 
- 0 - Taxi Qi/fda 

® Code Aec 
A Obsf^r'Ucii 

O Boi/ndarg i 

® Soun dhry . 
— -^r-^A/rpe 




/ 


\ 

\ V 


3po<^ Confoi 
edge oFru 
d/'rec//g op/ 
pa/rs* 


c c ^ .• c • O • 




/ « 


O X 

02 
M S 


^LOCATE TAXIWAV 
lights at LfiPT 
SIDE. LOOKING AT 


AOMIN. BLDG. OR MAIN 
apron 2ATEACHEND. 


\\ \ 


^ * to 


Ms 


0 d 




1500 ' Z( 



’C ’?•% 


E ‘ W Runwoy 


K- r ^2 - 3 " DUCTS MIN UNDER 

^ * * RUNWAYS. TAX fW ay’s, APRONS, ETC. \ 


Yeliow 






eP 


W.ND Tr. TR AHLOQOH 


OP T 


L 


VO.\ 

^Q. 



^ '' 


‘4 • 3 ’' DUCTS 




<A 


/ 2 3 OUCTS 




WIND SOCK ON 
HAMC3AR OR 
ADM. BLOD. 


CONTROL TOWER 




AOM BLDG 





hangars 


m.- 


HANGARS 




-V 


‘ ^ 


lOTA-T L.? 0 TA! 

'^u CODL- &EACOM 




\ 


1 


•4 r 

i 

\ 


y 


• ¥ r 




TYPICAL LIGHTING PLA 


LIGHTING 


* 
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LEGEND 

Flush Typo l 6 o‘whlfe-iao‘Yellov^. 
F'/ush Type^ Whife. 

'I'jA/-, Flush Type, Green, 
^frporf beacon. 

^^^ihrohedron, H/umi nole<Y. 

Ducfs (2 - 3 " j, 

"C'oi/e Under Curren/- P/ryec^s, 

Ifghf; S/ny/e Un/f, Ped, on Po/e. 
l/p/f/; Duplex L/n}/; Red, on Po/e. 

l/ghi-,S/ngJe Unj^, Red. 

SFransP^rmep ^er/es- To - Series. 
Hnce //g/7p* p/os/? Type, 3foe. 

ieff 

</tvo/7 l/ghf. Cane Mounfea/, Red. 
^t/yhh, Cone Mounhed, Wh/Fe. 
«U/ghF, F/ush Type, h/h}fe. 
'rprf Properly L/ght. 

fihc/ llghls 200 '± oporF- oF 

^tunh/oy os sho$^n ancF 
ifpos/Fe o/re orfoFher' /n 


general r 


NOTES 

For lighting requirements at different class airports, 


SPe TflhiA R /I at, uiiieren-c class airports, 

laree nlnn ^ except for airports used for emergency landings of 

way o7T quivL!nt T ' than 4 miles from air- 

h ob«r„otlo„), set Clear caep to^ori:™! "if":: 

code beacl ^ boundary, provide auxiliary green 

terfer^r • Beacons visible from control tower but no in- 

terference with operators' vision. 

£0BEJEAC0N.- Locate as above to identify airport. 

Bjm^HYLICHTS: All light, to b. visible to plane coming in at 

Contact f&t,^?“::r:o:?„:“:r\;:t:L^ru::"'::“b“^c^::: 

Space generally 50* o.c. at end of runway. Use cone 
nted green where end of runway less than 300' from boundary. If 
boundary more than 300'. use flush type green at end of runway and 
yellow cone lights in line of boundary lights. If no contact^ightB. 

" stir up snow and obscure surface lights, install flood- 
lights at both ends of runway to act as range lights 

taxiw ay LIGHTS : Locate as shown on plan at left 
WTND tee, tetrahedron or CONE: ' ■ F an an lein. 


‘ V 


lONE 


'V 




mie 






APPROACH^ 

ZONE, 

INSTRUMENT 

RUNWAY 


Zoo* ■ 


\ 


N 


» 

\ 


i 


^ voiT^^^ A- 


\ 


\ 


APPROACH ZONE 
NON ■ INSTRUMENT 
RUNWAY. 


y r- : - - Locate visible from all directions. 

In general near location shown on plan at left. 

ISOLATED OBSTRUCTIONS: Red always used for obstruction li-i-hts 
Use disconnecting fittings for inspection if otherwise inaccessible, 
ind cones, floodlights, beacon towers considered isolated 

one llcbV I™ f°' - »“ liiht at top. More'th.n iO' ,ide- 

light at diagonal corners. For single tree --1 light 5' above top 

50 TO 200' - narrow tower, mast, flagpole, etc. - 1 duplex 

type {2 lamps burning or 2 lamps with automatic switchover if one goes 

out) at top and lights at third points or 50' points, 2 lights below 

top visible from any direction of approach. 

200 TO 400' - provide code beacon with red filters and 2 - 

500 watt lamps and flashing mechanism to produce 20 to 40 flashes per 

minute. At third points install additional lights as above - not more 
than 100' apart. 

OVER 400' - consult C.A.A. 

SMOKESTACKS. WATER TOWER, GAS HOLDERS, ETC. - 4 lights 90° 

apart at top and 4 at each 100' level with 2 visible from any direction 
EXTENDED OBSTRUCTIONS r ^ Qirection. 

BUILDINGS, GRAIN ELEVATORS, GROUPS OF TREES, POLE LINES, 

ETC. -Locate lights to mark contour of obstruction from any approved 
direction. 150' spacing if close, 300' if distant from airport. All 
duplex units. Lights can be on obstruction or adjacent poles. 

additional airport lighting 5YMBOI S. 

Hazard Seac-on^, Ped, Ro/aflno, 

A / J / J ^ . t j>k . ^ 


/no IF' Li / - ^ I ' ^^'rid Cane, ///um/nofed- 

0 BoandoruHohACbneMaurr/^H Wlr7d The Il/am/nnied 


© 


® Range Lighf, Cone Moan/ed, Green 

^ Range Iighf,Cone Motjr?ied,ye//Qiu,Auyl//Qry, 

©^Con/ocf LJg A f, F/asA Type, VelUyU. 

O Con^c/ l/g/iAy Snot^ ^ gripped. 

A Ce//lny ProJec:Tar. 

Adapied from C.A.A. 


Neon Approrzch l/ghA 
^ hcandescenP Approach l/ghh 
J F/ood//ghf. tA/dh Obrfrc/cA/an llghAs. 
^2 R/e/d Trans Former ^aoTP, ar AAooAo/e. 
\ (yM hahf fng fransformer, Ser/es-To- Multiple. 
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AIppnPTS- AHMINISTRATION BLDG- 6- FUELING 


TABiXA^FLqqRAREA|lNA^^ ^ ^ 


u; 


BLD6 


SPACE 


\\taihng Roam 


UJ 


750 □' 1400 4000 7500 


Air cor.^er ^pac&, 

i . / • / _ ,X #• 


. -!cJuc:'/-'^o // 


G20q' 6 go ?800 3000 


BLDG. 




uJ 


ResA^i/roo^ fac/J/i‘JGS. 

Weo-fhBr B> ureou 


900 2100 6000 

|G5~ 8CX)-li00 fl00-f4Q0 


Opsrai_ipp£_ 
O^F/<re. 


3 C70^ , 


Tbl/e- /; 

Pasy^ OfR/re 8* Ain 

£xore^^, ina/iuci/ng 


42 bo' ISO GOO 1000 


liOO 9000 
J600 3300 


Airp^f/S Q^/ 77 /T>^oira/io/?s. 
IVorA: S /7 op. 


\OQO 


360 1500 2000 


lacker Roam 


250 1200 1800 



Qanc e^^s^^grs ■ 

7e /Sphane 3ooMs- 


Moifftox 


1700 2400 


300 


300 


3SOO 


300 


Hea/irtg, Meckon/coi 
£ QUip /Tfenkf e /c- 


440 800 

2100 

Pihfs'Ckorf Poorri 


425 

425 

AiriA/cry '7roff/a 
« 4- /-/-I / Roa m . 


1000 Min 

1000 Min. 

Coni-nsJ Totven 


120 

250 

Theac^o//fe Dom&, 

— 

150 

150 


''S. 


•f. 


\</ 









> 0 M eioc 


Volvt 



A jf 




1, If gasoline isto be delivered to 

Airport bu Rail, fill coupllngswitl 

bo Located odjocent to frocks 
with Storage Tanks neorbg. 

2. Where concrete aprons or.turning 
mats ore nof p^videdi yALl 

Pucllng pits Wil^ te locotea 
on+heedge of apron. 






Gofo^^ne Dfbwrj 



/ 



\ 


Prti 


/ /' 


//■ 


9 

/ 




/ 


/ 


/ 


# 

/ 


A 


/ 




\ 


/ 


/ 


/ 




>. 


X 



\, 


\ 



/ 


4 

/ 






V 


LOCATION OF GASOLINE 5T0RA3E 

rrem C.A.A • 



D 


numbers ore 7 ^ 

oRr^opneh'c compass ^ 
-eod/ng oR/ancfing 
phne /o nearesf 
‘^a/enomSer 


Magnef/c A/or/A 


<< 


V/i. 


.\ 


^7. 




kn 




I 


30 


cares lefbM indJ 

^pr<^srynu>oyon/i,ghf \ 

c/uo J or fr, p/e runcuoys 


\f>c/nf^shi^ 

5 ’ ope rf 


T 




INMtIIMllHI 
iHmiiMIlir 


RefJecf.Whrfe 

'o/n/~ G "sfr. 

f2"opor^. ~j 

tuitrtinwy 

iirimiNm 




i;5i/y 


fsjl 


Ho/dihg Pos^AforMer- 


"HIO 


Adrr>/n/sfrof/on 

dongars. efc. 


/s' 


*0 


Toxiu/oy ^ S'^Hpe /-^ 

Mef/ec//y€ C/irome 
YeZ/o Lu Fa/nt 


^ Funcuoy ondy* 

ienfffh fymboJ. -I, 




/o' o 

/O' ^ 


PLAN, 


, /oo' 




zo 


Toxiihay Ho/d/n^PosZ Marker - 

^ ^ J tripes - e ’‘apart. 


6*4 


fO 


^ 90* 


tf> 


o 


8 ' 


ol 


8 


10' 


23 


S‘^ 


L. »> 


5'*^ k 




20 ' 


20 ’ 


3- 


r 


24 


zo‘ 


i- 

r 




t4 


23* 


15' !_ 20' 


20' 


to’ 



I 


2500*2999 3000-3499 3500-3999 4000*4499 


I 


4500*4999 


m\\\ 

6000*6999 


5000*5999 6000*6999 

i ^20■ 

iJii nii 

TrTT TTTT 

9000-9999 10000-10999 


7000-7999 


RUNWAY NUMBERS AND LENGTH 

C/se o non-ref/eefive ujhrf-e or b/ock pa/nk 

Pa/nf so//cf or S’s/rtpes 2' apar/ 

Adopted from Diu'g -fi NC ■ nOO of C.A.A. 


SYMBOLS. 


4 50 


BR1D6E5 


LIVE LOADS 


pnAn^^STF&MORROADENSINE). ELECTRIC RAILWAYS _ (TR 0 L 1 .E.Y 5 )- 


•o 09 CD 




• j 

o s 
^ 0% 


Un; /q 


rrry 


rzK'.ps 
ptf" im. H. 


V T 5 T 5 T 5 T 9 ' ■ 5 'gi^i B' ]5 5 ^ cisfe 


yjxmfA 


10 


ggTTPh i CARS 

50 



Unifor/rt 


ioo^ 







20 



3 


25' 


20 ’ 6 



14' 


18' Ifll M' 


IG' 504LLE 


FREIGHT CAR LOADING 



4I'G 


25 ’ 


4 re- 


70 


5 '< 6 V,^;- i»^- 41 .:^ 

Cor + )0°/o over / 00 &-. 

- / 32 , 000 

’ 2/2, 000 /bs> 


Fir.. A- CO OPER e:~72 fig B 

J^ecornrmerrc/ed live food for 

of /ood^np /^^e/ooof/T. 

d/oprono x — ^ 

sooa}r,<f lho//rerr.af-^ Me Ta^e). FREIGHT CAR LOADING 

V e A>£>-x -etre/' u-/>25> /oo<^f>o^ / 1 41-C" i i ^r C’; j 

one .^rock ^heproporfions ofM/(/ye/oo</y^f^ocis 1^ ^ A J*4tr:tr— itr^ 

^ ■ e: for 2 J.^cks - to 0% of // ve . r, 25 - ^ 

% '■• ?of% o 'nlonhracks °S0 7‘ Toiol h a <fe^e}phto^ fl i ts ° 

-/■ J^c/. ■,*25% 7L 0/7 AO Ton Capoetiy - 132, 000 Jbs- 

Srlec^ /o^/Ve 70 •• ” ’ ° 

M \ fi H WAY S 

H 7n- ^ 16- Express Highways xvikh Comnrerc/o/ n-orE/e , , Heavy c/u^y. 

^ co^rr,rrrercf'o/ sMec/s. AI/sHucfures on /n/errey/ono/ Highway SysMna. 

H 20 - Parkways, ana/ s/mihr /o above /n many s/okes. , 

H 13 - S 12 B> H l5~'Useo' by many sbsJ^es Eor h/yh tHoys h shed a bove . 

mo - L/yhk traffic only. u c. _i n^niNr:; 

H - L OADING I Hj^^OADlNQ 

I XfT - ^fol \^lqh^ of loaded frucM* f 

Use Loading, Hock or Jane, Jha! produces ^4o°s^Q^n°ondwefu% Jone / 00 ^/hy. 

TRUCK LOAome 

TRUCK LOAD ING ^p' Clearance, , 4 - , 

L. _14 J \-g Lorie wiarhlA hi r-UAi-r- 1 l-i f 


10 * clearance 


— EP — 7' — 

^idlh of eac h rear f/re = f ^ f 
per j-on of folal >v/. of loaded P oef^ - \ 

— [eij^ 0.4 gf - 

f H 20 - 6 Kips B^Kips 

H is - 6 ■' 24 ■' 

1 H 10 - 4 " IG ■• 


Under UJcr y 

40 'sport and ever i/sb lone loodfn^^ 

TRUCK LQADIHS 

^eex [4' . |4* . 



Cprb 


-Ell 

Wfdfh o feoch rear ttre = / 
ton of/e fol we/ph / of /oo cfcd 

— tolfEH— 10.4 4 E 


H20-sic^8K:ips 32 Kips 32 Kips I 

H 13-5 12-6 •• 24 <1 24 - JLaac 


24 <1 


24 


Loads 


LAKE loading 

1^ * f , f 18.00 o fer /Women /. 

]ancenfraHd 26,000 Tor Shear. 

Kc/n/' farm load eso /bs per l/n- f! of 


LANIE t-OADIKQ 




y /-V / u I3ZOOO for Momenf- 

neen holed load 


un/f. Load GAO lbs. per lin.EAof lone. 


H iO 

(rocenholedLoaj\ Momenl- 
^ I \^. 500 for Shear . 

Uni form loQc/ dSoIhs- per I in. f / . per lane 



H 20 - S J6 

/ / / / f 24,000 for Moment* 


H15 - S12 


H 15 


f* 9.000 for Momenr. 

(^ncenhoHd 

Unlfarm Lood 3 ^Ci /bj .per I/rt. pk of /one 


H lO 


'• l/tm her offer H. m gross Vra e4r weigHk la fans. , 

2 Humheii ^fM H20-5JG mean ; a Za /on /roe/ai^ + o /G t n rear a 

REDUCTION INI LOAD I MTE.NSITY. 

inhere may im um sH esse s ore pro ducejS iy /o^ihy an 9 , Simir/ one 

ouHy. ase fo//owiHg pera^n/og^^ of resa/Jonf ^ " I . 

! or 2 /ones /00% Sugges/ed 6y S. Hordes fu. 

3 Lanes 50% 4 Lanes f 

A ar more lanes 73% 3 or more Ion e S' / = y* 


* Loo ds a c/ a o /ed fro rr) A H. ff . o r' f.A.S.fV.O, Sp e 














highways t 




/ncrease Stress by S' = S^'-^ 

L - Span J^ngfb^o/' member /n /^. 

/mpac/. 

o o -otress ^ifh impact^ 


r 


Maximum Sfress /ncreas^ due /o impacd 

i'f f gbu/ay ^ Cufveris^ < Ifk caver 30% 

Ca/perfs < 2/>f couer 20% 

Cuii^erfs < Sn coi/er /0% 

^here nof app/ied 


Foun do f/on pressure. 
T/mber sfrucfures. 

5 ideu/o/K loadings. 


^ubs brc/ciures 
Civ/veris > s' Ccsver. 


_ / / r- 

Sapersfruc/ore\ Towers 

/nc/ud/ng : j R/g/d /romes oboye 

yground surface, 

longitudinal FQRrF<s. 

of /one Canoer^frcy/^c^ 

c^cye. /o /y/cf/b^ a/expor7^/Gy^ 

LATERAL FORCES: 

f^//ND : ~ 30 *per s<^. ff. 

P^ojec/ed oreo of one /rass / 
ofeoch odddiono/ /rass. ^ 

mnd opp/,cafon on noo^,ng food d/^hcvays - /in. f/. 1 app/ied Sd" 

fk) j . , P>9^u/oyu//Yh/ro//eus- 300 *per Jin.f/. ] oboye f/oors 

16 } ToM u/md force not Zees fhor , {JM^er/,r.fi- looOeO cL/cf/rrl/, 

\ /SO* per //n.ff. -Un/ooded Chord ! Span. 

fnl e 300 per //n.f/. • O/rder Span. 

\CJ Toro/ mnd force on un/ooded s/ruc/ure -no/ /ess /hon SO*per ro Si on aro/ecYed 

UPUfrr on projected area of eoch odSS//;'offrZZ-' 

C/jecA up//ff on ben/s by app/y/ny 400 /bs. per //n. f/. on /he /ee s/de for h/ahcuou 

Vf/^TR/FUGAL Przdges coi/h} fro//eg5. 

froc/r: - app/y /O % iroz/ey //^<? /ood as /o/ero/ force4aboye rai/ 

SIDEWALK fit SAFETY ^ ° o- •?' v^ll^^-rLl. 


3/obs, s/r/ngers and /mmed/o/e sappor/s - SS /bs. per so ft 
G/rders, brasses, orctbes,e/c. - 2G'/o /OO' ^O /b^. per sq.ft 

'^) lbs. per sq.ft 
of s/decua/k in fi 


/os, 

oifer /oo'={30f=^)(-^ 

JVbere L - Loaded /engih of s/decuo/k /hfr. = IA//'dth 

THERMAL FORCES: 

/\4efo/ for moderabe c/innabe - 0” F. bot/ZO’f-, co/d c///nabe •-3o'‘f bob / 20“ f. 

" " " ■ /?/seJ0f;fa//4O<’f» ., p/se jsof fa// 4s«r 

^gSURtON PIERS- ICE: 400 /6epecr.f.ff. nictrosr ony /ec^/f J/P/JL/ on 

/aco/cofTd/b/ons{SOM./psperJjy.fAon tv/dbh o/^/er com/no/r/y t/sed). FLOWING WATER 
p ersf. fb. jvbere ve/eci/y /n f/per Tec. £/. R c f>^ f>r jy. ends, ^ /or c/rc. f. J^/Gr atzy/e ends <3o ° 

EARTH PRESSURE; 

5ee pg. 2 £9 .No sbrucbare bo be designed cu/bh /ess bhon 3o /bs. per cufb. f/a/d pressure. 

Proir/de surcharge cuhen h/ghcuay broff/c con come cui/h/n a d/sbonce from bhe /op 

of /he sbrucbare egaa/ bo one ■ b)a/f /bs he/ghb ; /he pressure of 30 /bs. per cu f/. sha// 
hot/e added /o // a /n^e /ood surc/^arge pressure egaa/ /o no/ /ess //)on 2 fee/ of 
ear/h) on use f/u/d pressure of GO /bs,per cub/c foot 

A/o //Ve /ood surcharge /f approac/ies are ffamed. 

SNOW & ICE LOADS: b/o aZ/oworoce bo be made. 

RAILINGS AND CURBS : a - ss . 

^For negot/ue moment use span cohere greatest /oad I's app/fed. 

*Af/oor system may be used on horizonbo/ g/rder bo resist co/nd /f/b/s odeguabe/u des/aned 
ana odeguore/g onchorcd^ ^ y 

^^^C/iord info coh/ch f/oor Seams frame, 

Ada phed from Specs, for 3r/<^es 


d-S2 


DQE5 


LIVE LOADS 


-<= a. pna. n«; WHFRE LOW SPEEDS ONL Y WILL BE USEPT 


^ ^g'g/77// <7// <?//?<?/- f>fC-g/>/ //>g fot^s <^ 

/hcr^ose sfress os fb//ocus: 

ioj Ko^nng ^ffecfof ox/e /cod oc//ng do^o^ 
o/ner. S,’/0% Sf on one roi/, - on f/^e o/Aer. 


(if'biric ^rZ/eii ef?ecf, ^r Sfeom Loco/nof/xes . 

' ^'^fees //> /OO ' = (/OO- 0.^0 L x ox e W . 


/OO. 


L - /OO' or more 


- f /BOO 

~\-r^ 


tt ^ r f uu ur w \ ^ -W 

For £/ecfr/c Locomoi'/y^s = f tZ.s) x ox/e /ood • /oo^ 


ngj ^odfnol g 
aers .for f/c 


/ ^ / fino^h in fee/ center to cenrer c?r ouppof ^ 

gre/ers 

and f/ie/r supports. - . ^rark • 

Members rece/^z/ng /ood from > one frock . 

Tu/o Trocfis- . ^ ^ z,. 

/ : Less f/hon /75‘ = Fa// /mpocf or fujo rrac/<S. . ^ ^ ^ 

L * US' fo 225' - Fu// impact of one froc/r / (450 ~ 2L) % of ofher. 

L - oUr 225' • FfJt! irnpocf of one froc/c t none of o/der. 

'>r/xjn Troc/^s - Fa// imp oci of ftuo frocks. 

LONGITUDINAL FORCES : Add to //Ve /ood on one froc/r on/y ate oboxe ro//. 

/rccACn. e/,;cAe.en/e /cnger. 

pVcrcosr 30 ^ abcgfm^nfs e^/// fofctr ^arf af/ooc/. 

LATERAL FORCESl 

PV/A/D PPF55UFF: /n o^f^orUonto/ direc^ion^ „fone frock of 6' obot/e ro//. 

fFtfeTF/f fALe/il5‘'bi Fo%F iiLfedL fdfcct feeder, and benfs - xerHec/ projeei/br 

of a// eo/anons and fouler bnac/n^^^^^ apdns:no/ /ess ManZPe/ba^rU an /ce/^ r/angj 

°[STf%l’^TnLdFoFcFL^FPF/diy//rfS^e^^hfASn^i£fLr%^^ 

%f:rc1 d/reef en (xerfica/ effeef, of 

/his Fnnce to be d/sreoorded). , * , , . _. /. 


<T A B I L 1 T Y OF SPANS & TOWERS ; Use a //Ve /ood oF /, zoo/bs.per/. r on one moon 

Zdifkiou( /mpocf - on mu/f /p/e frock br/does p/oce fk)/s //ye /ood on /eecuo/^ side. 

B^CrNG BffwEEN COMPRE SSION HZM^lR^A bes/gn for f r answers e s//ear ,n any 
pane/ egaa/ foyz% of fofo/ ax/o/ stress in bofd members /n fhof pone/ t shear 

from /oferaf forces. . . , / ^ j. xaaa hhx. 

REVERSAL OF STRESS : Design members subject to reyerso/ of stresses 

eac /7 stress / 50 % of smo//er stress. Connections to be designed tor sum ofmoK. stresse . 
COMBINED STRE 5SES : /ifembers subject to both ox/o/ & bending stresses./nc/udmg 
bending due to f/oor beam def/ection,sha// be designed so that 

uf/// not exceed o//ouiob/e ox/a/ s/ness, /n members f'F fin fsti^Ts^ 

add ^/4 of bend /ng sfress, computed as for s/mp/e beams subject fo ax tot stress. 

Members subject to o combination of dead, tiye, impact /oods and centr/f^aJ ^rce^jtb 

other ioterai forces and uii/h /ong/tudinai forces or bending due to such f 

25% increase m unit stresses ; any member sha// resist stresses due to dead, //ye, 

impact toads f cenfrifugo/ forces uufhout increase in o//oujob/e stresses. 

SECONDARY STRESSES: if exceeding 4,000 /bs.per sg.inch in tension or 3,000 ibs. 

per sg. inch in compression to be treated as pr/mory forces. Secondary stresses due 
to truss d/'stortion usuo/iy need not be considered /n any rne/r^r the ca/dth oFujb/cn, 


'Adapted from ARIA, spec/f/'cafiof/s. 


n n 


By ou//)or. 
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LIVE LOAD DISTRIBUTION 
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NOTATIQM 


E -mdfh of s/o 6 /n feef ower cah/ch cuhee/ 
food /s d/sfr/bufed. 

P ^ - load on one ujdee/. 

P * Concen^noi-ed /one /ood per /one. 

N ' Mo xfmum number of /ones of /roff/c. 

- H/ld/h of roodcuoy - curb fo curb. 

Q * Uniform /one /ood per //near f/. of /one 


^ ' fff^cfjve spon lengfh /n fee/. 

For 5/mple Spans: C foC of suppor/s, bu/no/ 
Oi/er c/eor span / s/ab f/i/cAness. 

For Co nt/nuou s Spans ■ moa/o// th/c : use 

c/eor span. gV£R SrP/A/GbA<?Sa fj PJOOX B^AM. 
or i /cam ixr/dZ/y f//'m6sr]. 


rA 


As = Area per ft. 
of ma/n re inf 




* ' • 


Dfsfribuftbn of 

'J^efnf=^V 2 per ff. 








L*^ 5<.lf/ E -0.65 + 2.5 

5 ') If/. E - 0.4 S + 3.75 



5 (- 5 ee nofofion). 

section ^-A. 


AR T 



FF 




:*z 


r^/z 



Q 5 Uniform L ood . 


nofoh ' on ). 



• ; 4 • . 


? % 

' 


S < /2 
5 > 12 


E = 0. ns 5 + 5.2 

5 : /g/V + W 
4 N 

RUCK LOADIN 


SECTION 6-B. ^ c/is/ri6u/ed-Q ~^^ per sq.f/. of slab. 

P 'd/s/rJio/ec/=~~jpYfi P^’’ F/ ujidfh of s/ab. 


FI6.B-MAIN REINFQRCFMFNT PAR 



iO 


^ Mo/n Re/nforcemenf\ £* 0 £lf 3 . 75 , 
Perp^hdcu/or fo frof/yt,) ' 

Afo/h Re/nforcemenf E - 0 . 551^32 
Para/Je/ fo fraff/c. ] buf not more 

fhon J^L 
2N ‘ 

FI6.C- CANTILEVER SLABS. 

NOTES 

IS fobs designed for moment ur/fh foods d/stHbuted OS ohove 
sha/f be considered adeguofe w/thoat shear re/nf 

ZProy/de edge beams where mo/n re/nforcement 
is poro/fe/ h froff/c; curb sect/bn mag be c/^eaf^ 
l/ifeload M^*0/ PS^ for sfmp/e span; reduce 
20% for conf 'nuous spans, 

3, in des/gn/ng s/obs i of cohee/ /ood sho/f be 
assumed fobs /*fhom curb face, 

* /n aoe^rcd tv/M A . A . S . H . o , S/Oeos 


o .9 


LANE LOA,DINfi. 

EL TO TRAFFIC. 


■ wii iii li mi MiiMMHimmimi 

Kaam aBaafagiiiaa! 

[g^aaawBnaaiis 

siSjg jaaawaBir'— ”” 

j^Hiaai lamuMiiiaaii 

Bsaaa *^^— mil imi 

iBaaa^ 


ina: 



.7 


..... 

SjjaaaiK BiB^isaiHeg 

8 aaaaaiiiaiiiiissn!! 

8BIB;;ai8!8!BI^B8 alS 


.5 .€ .7 .6 

proportion of load to long side. 

FI6.D-TW0-WAY SLABS. 

idhere rot/b /s /ess than O.Cl-design as 
ane^u/ay 5/oh‘D/str/bute foods os obo\re. 


MOMENTS ON 


INTERIOR LONeiTUDINALFLOORBEAMSSSTRINSERS DUE TO WHEtUOADS 



Fo r I/o/l/^s q F C 

5ee &• 




• • ' V 




3 tn 


long ITUDINIAU SE.CTlOj^ 


CROS& SECTION 


F16. A 


TABLE B - VALUE 5 OF C 


KIND OF FLOOP. 


PLANK 


ins: 



INGE 

TR AFFICLANE^ 


ONE 


TIVO OR MORa 


KIND OF FLOOR 


3.75 


concrete 




stringers 


traffic lanes 


ONE 


Q>Q[\fsyQQ 

see fhte 


TWO OR MOI 


J( 7 ^/‘ 5 )I 0.5 


NoFe 


STRIP 



4 foG" 



3foCk.S on 

■ 4 " Planks. 



I 

>b 


SZ 


strip: G'' 5 -V 


TO. 



5 e € S ^ • 1 I I ■ — — LT . < . 

MOMFNTS OH EXTERIOR lONGrrUDlNALl SHEAR 6 EMD R E ACTl O N S FOR LONG ITU D IN AL 
FLOOR BLAMS AmS STRING 5 TRANSVERSE BEAMS SUE TO WHEEL LOADS. 

due to wheel loads. 

I' G_! 4_ 

p 



« » 

6 S > 


,5.0(if 5 > 5 

see Nofc I) 


4.0 


5TEELGR1D 




4 . 25 (lfSy 6 -^ 

see Mo+e l) 


STEEU 6R1 D 



«< 


4S> 


6.0(1 fs> B O 

See Nofe l) 





F - Reoc-fi' 


f F or Ps^ QSs^^y^S 

A 



G' 


4 * 


G* 



o n <D 

s/aJ> ac/wT CT sy>ryjo/e 

6 & //V' een ers ■ 


5 fyeor ^Pi-rco c^/on Mojc. Sh ea 


/? 


or 


FIGaC 


&F P reoc^F^^J’ op 

.OKia ITU PINAL BEAM TRAMSVERgL BLA f ^ 
Ato/ifr See Ibh, 5 ^ \ 4 »i/ejofC. ni ^ Pl — 

See f/^ E o, rlv3. L/ 


moments ON transverse FLOOR BEAM3- NO STRINGER^ 

cufb’^ A— I 4 ^r~^ 







/ry 


k I 




For Vo/ues a F D use 

Tab/e 3 ohave For Oh/F 
TRAFFIC LAh/F , 
rhan D, /Fof-e I ^e/a»^- 




\ ^ 


A * 


PLAN! 


FIG.E 


section A-A 


^OTE: !■ /n ^his cose- M<f fooa/ a/7 eocA AeoTrr ac s/r/zo ps/-' sAo//6c /he reae//o 

/aaa's, asst^Tio/TTp /he /7oc/'/v7j» /fe ^ .r/^h>/e hee/^. 

/oeeo^ o/r/oh/ arry/ej- /a € of roo^t*/op. 


ry 


2 . SF/^/p F/oGr/npep/of 7 h/E?^,< 7 r 7 c<ypep.^ " . K/ ■ , 

Sy}/i:eo' /oye/hee /3 "c.et. c/ n oT c e // /o-za^/A =Zzp/o/ 7 h fh/ohness > 

Ze-oa/Vs o/- ^//'ps- c 7 //c^^c,/e S,/r/-r,^^r-s. 3 fi///ye . TT 

Floor, ng sho// hove /he sor^e c//s hr, bcyF/or, cs jr/r/p /T/oorz/oy o Ee^zyri/a/e/oh /h/chneJ-S- 


Vr? fDocorc^ ih/i/h vA A.5 r/.O. Speo/y?b<oF/<o /r7j‘» 


DGE5 
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h- . F H TobJe C 

0 1 [[| '^oJuesof E 


timb er 

E 


SECTION A- A 


section B-B 


- FIS. B- LO N GITUDINAL FLOORIMfi 

- ® OF E^F 


£,<JgeT 


L ony/n o /e o' 


To^^o-e Groove :Sf>//ne 
C Ootve/ea'no/^ 3 '/s "^hJch 


V^id^h of Plank in inches. 


15 • 


y^id'fh a/* PJar? k, Jn /nches. 

t X gross >v/, of i rack /n tons ^ 
floor Hrick/f essin inches. 

X gross i¥A of frock /n fons -r 

A A ^ # 

/rrehes 


f^our t/mes fJoar fhick 

NO T£ / : St»rt/-> \s/ ' 7^^^ inches- \Zt floor ^/xet ness Jn //rches, 

^ STRIBUTION TH RU EARTH Fll I a, 

— — / " X ? Fill - Some os s/abs, 

P 


Cosejr-e'/aA'j^//A 

P /h /h. jser Sg, Ph 


U_Lll 




^— *- l/l\l 1 

■1 

/ 73 o! 




/■ISO 


P% J6./>erjf, fp 


M 


, . (/. 7 SD^S )2 

Q_FW- ne^Jec^/E dtepEh > sporj /enp/h . 


« / ^v/ _/ . ^teelgri d floors. 

( ^se /- f/ned wM concrete - Sarr^e os s/obs. Pp. ^-33. 

bcr//asp erorfSprc/cP/orj ) ^/’l/ Cory P/es o/yc^ 

^ j /o per^ ojr/e /ooari 

CURB 

p. 


INS LOADS. 


-t-fl'p 


I 


bovver' Eo//s 
S/o^wAZr^ 


f^OAOV/A'S'~-^ 


Note i 

See P^,B~QT for 
adc// f/ono/ c</r6 

oncf r or //ap c/i- 

rnen oi orys one/ 
Cr//e n/o. 


Pt ~ loo lb, per /in. fA c/Zop. 
p2 * ISO lb. pen lin. PA, qA fop* 

* Jn aeoeref tv/M A.A.S.Mo. jpec/V/be //W- 




BRIDGES 


LOADING TABLES AND DETAILS 


TABLE 


\H 

FT. 


A-MAXIMUM MOMENT S, SHEARS &REACTI ONS-5IMPLE 

HZO |H20 Sie| I H I5 I HI5-SI2 


ONE 


u.eib 

14 0(b 


tNO end end 

S>€AR SHEAR SHEAR 

d-EMO moment gfcND MORtNT 5, END 

REACT. REACT. REACT, 

(a) (Oj (OL 


10(b) 

14.e(b) 

|4.0(b> 
14. deb) 

t4.e(b) 
t4.0(b) 
f4.0(b) 
14. d (b) 
14.d(b) 

14. d (b) 
14.0(b) 
14.0(b) 
Si.dlb) 
I4.4lb) 

i4.seb) 
Id-Ub) 
Id.l(b) 
IS dib) 
IS.I(b) 

11 0<b) 
li-Kb) 
Id. Kb) 
Id.S(b) 
tl.d(b) 

Id.t(b) 
H.d(b^ 


17.d(b) 

IM (b) 

rr.Kb) 

r.Kb) 
17.4(b> 
1* Sib) 


4J).0 

54.0 

60.0 

66.0 
72 
S 


dO.O 

96 0 

102.0 
)0« 0 
lU 0 
120 0 


246 

:s: 

270 9 


97 S 


i4.d 
14.0 
14.0 
14 0 
14 0 

14.0 

14.0 

14.0 

14.0 

14 0 

14.0 


14.0 
IS s 

27.0 


10.1 

11.2 


14.0 
14.6 

55.1 

15 6 

16 0 
16 6 


17 7 
38 3 


39 2 

39 6 

40 0 

40 4 

40.7 

41.1 

41.4 


ti.O(b) 


1 6.0(b) 

14.0(b) I U.d(b) 

11.0(b> 

ti.o(b) 


41.0(b) 


tl.0(b) 

tt.0(b) 


B1.0(b) 

11.0(b) 

tt.O(b) 

11.1(b) 

U.O(b) 

U.4(b 


t4.1(b> 
14.4 (b) 

14.7 (b) 
14.f (b> 
li.Ub) 
li.Kb) 
tl.Kb) 

M.T(b) 
U.»(b) 
lCO(b) 
10.1 (b) 
M.Kb) 

10.4(b) 

M.Kb) 

11.0(b) 


EMD 

SHEAR 

NT ^£nD 
RyCT. 

(a) 


8.0 

16 0 

14.0 

12.0 

40.0 

48.0 

56.0 
64 0 

no 

80.0 

88.0 

96.0 

104.0 

112.0 
110.0 

118.0 

136.0 
144 0 

1S2 0 

160.0 

108.0 

176.0 

184.0 

192.7 
207.4 

222.2 

217.0 

252.0 
267 0 

282.1 

297 3 
112.6 

127.8 

141.6 
861.2 

178.9 

196.6 
4)4 3 
432 1 

449 8 


12.0 
12 . 
12 . 

12 . 
12. 

32.0 

32.0 

12.0 
12.0 
12.0 

32.0 

32.0 

12.0 
12.0 

ti.l 

16.0 

17.7 

19.1 
40.4 

41.6 

42.7 

41.6 

44.6 

46.3 

46.1 

46.8 

47.4 
4B.0 

48.8 
49 6 

60.3 

61.0 

61.6 

62.2 

62.8 

61.1 

63.8 

64.8 
64.8 

66.2 


IH 

FT 


MOMENT 


END 

9 NEAR 

^EMD 

ItACT. 

fai 


174.0(6) 


END 
SHEAf 
JMENT j,eNE 

REACl 

Jol 

867.8 


MOMEN 


END 

SHEAR 

i&EKD 


too 

no 

120 

110 

140 

160 

160 

170 

180 

190 

200 

220 

240 

260 

280 

800 


624.2 


3.02 


44.1 

45.4 

46.8 

40.3 


68.8 

01.2 

01.6 

00.0 


LANEQo'f 

H 20- S 1C 

END 

SHEAR 

MOMENT g.END 
REACT. 

fa) 


006.1 (b 
116.8 (b 
406.7 (b 
4t8.0lb 


11.4 

40.1 


41.4 


477.1 






.86 

M 


16.8 

23.2 

29.6 


L.- 

}■' 


I - 






L 


KWMiaia 


^ Ul^jihr9^n-t 

touo^e^^n^ 

c^-ao/Zx. , 




.1 ' ^ 
• . 

1 • ■ . 


des) ns 

Pfafe^ ^ ef 

fo Q/rcden n 


Beve./ 


FlG.B-'p^yiSlON forTxpansion. 

fio prov'/j'/on - 20 ■ 

Sf//oJf>/nf-Spor;TUfi ^o Sp P '^s oi^er y'd tJSCro//crJ> 


C/.Sci/pf>9rs 


9 • • 


:: 


F16, C - DECK SLAvB AT ABUTMENT. 

(^APfer of Pennsy/yonja 

FLUE BLAST? ROTECTIOH I ^ 

OVER RAILROAD.’ 

for mc^o/ or Conorc^o 

< 20 foe-/’ c/ean. 1 Ill; 

l/se IV./; 3 

2 " P/cr/n ^sber/as 1 

Boone/, or 7 &’ '\LVV^ 1 

AsbeT'^os Boar<d- „ ^ 

Bo /h shoK Be no/ /eTS-Z/^ft §/ | 

A// foThm/ys^a /ira ea'^ J 

SUPERELEVATION* 

A/o/ > 0 /0 /oo / /> on 

foo’^ a f w/g///7 . 
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UNIT STRESSES-! 


NOTES: 


All stresses adapted from ^./l.S.K.O. and A.H.E.A. specifications. 

For wood streLes uL^M^l-Orand l-oS^decreiLd'’20f.^*”''‘''^' stresses followed b, a dogger ( ) apply only to Railroads 


Dead Load 
Live Load 
Impact 


Group A 


STRESS APPLtCATIQW . HIGHWAY BRIDGES 


Buoyancy 
Earth Pressure 


Lonq, Forces 
Wind 

Shrinkage Stresses 
Centrifugal Forces 
Rib Shortening 


^roup B 


[I 5 MIUI 

dm stresses shown for Group A loads. Use unit stresses y 2bw when Group B loads are combined with Group A loads. 


Erection Stresses 
tee 

Current 
Earthquake 
Thermal Stresses 


Structural Carbon Steel 
Rivet Steel 
Pins and Rol lers 


STEEL - stress in p . s^i^ c noted 

(A.S.T.M, - A 7) 

(A.S.T.K. _ A 141) 

(A.S.T.M. - A 236, Class Cl) * 

Axial tension, structural steel, net section 

Tension in bol trat^roorof^th^iar*^^^^'^^’ girders, and built sections subject to bending 

Axial compression, gross section: stiffenck'of plate oirders ‘ 

Pin^ends^^" greater than UO; * Ri veted* ends ! ! ! ! 


» t 


a • 


I I 


» I 


16.000 


18,000 
18.000 
13.500 
18,000 
-1/4 7-/r‘ 


I « 


IS. 000 - 1/3 /• 


i- = length ot memOer, in inches, 
r = least radius of gyration of rrember. in inches. 

For compression members with values of i/r areater th«n lun ■#«.. f 

in A.A.S.H.O. or A.R.E.A. Bridge Specif icatlons. ’ compression members of known eccentricity. 

^'q?e!te^"han girders, and built sections 


use secant formulas 


subject to bending (for values of i, a not 


18.000 - U- b‘ 


» • « 


t I « • 


< « I « • 


4 9 


« S • 


« • 4 I 


L length, in inches, of unsupported flange between lateral con- 
nections or knee braces, and 6 = flange width, in inches. 

Allowable compression in splice material, gross section * . , 

Stress in extreme fiber of pins , , 

Shear in plate girder webs, gross section 

pt:;^l:e"'LeutTp" r ‘'Ho;e-m;.;'™Lm\;e;r-.;d'b;n;i;;o;c;r'sim-u,u;e;p;,;.' 

Shear in turned bolts ...!!!! 

le:Hn:"o:“p?nr;7V!“:‘: . ; ; 

Bearing between rockers and rocker pins , , 

Bearing on pins subject to rotation * , , !!'!!!!!!!!''' 

Bearing on turned bolts •••*••« •••••••..,,, 

Bearing on hand-driven rivets • • • • t . . . . . . , , , ! ! I 1 * * ' * ’ * 

Bearing on expansion rollers and rockers, pounds per linear Inch: ••••••■• • . . ..... 

Diameters up to 25 in, . w 


18.000 

27.000 
I 1.000 

18.000 
13. 500 
I 1.000 
1 1.000 

24.000 

27.000 

12.000 
12.000 
20.000 
20.000 


Diameters from 25 to 125 in 


20.000 
P - 13,0 00 
20,000 


600j 


a.OOOld 


d- diameter of roller or rocker, in Inches 

P = yield point in tension of steel in the roller or the base, whichever is the lesser. 


shall be its 


In proportioning rivets the nominal diameter shall be used. The effective betrlnr. 
diameter multiplied by the thickness of the metal on which it bears In metl leL th ^ -- ■- 

not be assumed to carry stress; In metal 3/b in. thick and over one half fhe countersunk rivets shall 

bearing area.* For countersunk rivets deduct one half depth of counters Jk^f ' countersink shall be omitted in calculati 


(A.S.T.M. - A 196) 


• Id 






I t • 


I • 


« I 


« I • 


• • • « 


• If 


• ■ 


■ 4 I • 


•III 


III * 


I a • « 4 


114 


High Strength Riveta * 

Shear 

Bearing , . . . , 

f ought Iron * (A.S.T.M. - A 207, for shapes and bars; A.S.T.M, - A 42, for plates* A S T m' ' a 77 - w 

Bending on extreme fiber .... , , , ♦or piates, A.b.j.M. - a 72, for pipe) Tension 

ga *! steel For cast steel the allowable in'it'stresse! in'eomiress lin'and' bear ino' sha'i I ' ‘ ' ;k’ ' I 

Bondinaon 

Direct compression (short columns) ... , . , 

Bronze or Copper Al loy * 

Bearing on bronze or copper alloy bearing and expansion plates 
Bearing on Masonry 

Bearing on granite masonry t . 

Bearing on sandstone and limestone masonry ....... 


20 . 000 

40.000 

14.000 
14. 000 


I i 


• • a « 


• • 


• • 


I • • 4 


• 4 


4 4 a « 


3.000 

3.000 

12,000 

2.000 

800 

400 
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RRIDGEIS 


UNIT 


• • 


i ft 


ft ft • 


ft ft 


ft ft 






ft ft 




ft t ft ft » 


ft ft 


ft ft 


■ ft ft 


/nit’o^er 'lOO fo^ ;air'c;m;r«; iin'm;n,be;s; 120 for wind and away bracing 


ft ft ft ft 


ft ft ft ft 


ft ft 


ft ft ft ft 


ft ft 


ft ft 


ft ft 


ft ft 


ft • ft ft 


ft ft ft ft 


ft ft ft 


ft V ft ft 


ft ft 


tn 


Ecanr.g on concrete: ' fnot subjected to high edge loading by a deflecting beam, girder, or truss) 

sv;;;;;: «• •«> ".‘“‘.'r: “'.'"f.r: . 

plrtc or snoc. of a deflecting bea- • ""y'rhc're' the' edge of'bHdge seat projects at least 3 in., average. 

^:::nf::;e‘'o;1Lr:‘r :";'te: ^rer-ue. tS: _per.itted wiH^te m of_the_above_ anoints.) 

Searing on concrete'*' a .»••••* • 

TiPber Cross TiesT 
£ttrc’*e tiber stress in bending: 

Velio- pine, dense structural grade . . . 

Ccuglas fir. close grain structural grade 

Wnite a • • 

>«n'tc pine, Norway pine, and spruce , . • 

Slender ness Ratio T = Length in inches 

CONCRETE FOR HIGHWAY BRIDGES 

Tr7^;:;aM;^:ue::er^rhe increased proportionately with the e,tre-»e upper li.it which .ay be used in co.put.ng worh- 
wn::%:::.:::rerner-“!n't;o::'sp«ificd .n the table are used, the allowable stresses used and the ulti^te strength of 
-nrsurs:es"set%'o'rJh’!^J p^ i nerfas^d” w'^o^lcnc^ete cufye^; when the depth of cover exceeds 8 ft. 

•'ect c:-pression: 

' r.-; on bridge scats - sec Scaring on masonry above. 

t***" ^cl lowing formulas: 

,;rsuoportcd len 9 t^ of member in feet. 

^ = least di-ension of colu'^n section in feet. 


- least di-cnsion ot guiu^n — 

Modulus of elasticit y of steel - (q f^r 3,000r concrete and 
- ^ ■ uoduUs of elasticity of cone. 

® --rs anc pedestals p not over 3 . 

Ccij "''5 - 3 »i 3 lly loaded - with lateral ties. 

L. rot over 1 2 

Safe load, r = S004 [ I + (n- 1) p ] 
ir -nich 4 - gross area in square inches. 

r = oercentaoc of main steel based on gross area. 

;:.ral coU—s = OKiallv loaded - with spiral reinforcement. 

Sa-^e load. = 4: [ I - . n- 1> p ] ^: 

I' w.'-ic'* *: - area within outer circumference of spiral hooping. 


12 for concrete under 3,000 


c = percentage of main steel based on area 4c. reinforcement to volume of core 

/• = (.25 - I2p) 3.000. p being ratio of volume of spiral rcinTorcemenv 


Lo-; CCl'--rs 


1 - I ' eicess of 1 2. 

f' 


(-itn lateral ties or spiral ^re i nf orcement) 

Safe ! :ad = r = ^ 1. 33- j ? 

]r F = safe load, formula for columns having L less than 12, 

Cc*pressior in estre^e fiter: 

t,tre“C fiber stress in ficiure 

Eerding i ** columns (with latcra' ties). 

Eitrc“e fiber stress (flexure and direct stress) . . • 

Bencirg ir colu"ns with spiral rc I nf orceme nt . 

Extreme fiber stress (flexure and direct stress) 

Tens ior : 

Ir reinforced concrete members . . • • •• 

In plain concrete (prt-arily footings) 

S>iearinj stresses: 

Beams -ithout -ct reinforcement: 

Longitudinal bars not anchored 

Loro i tud i na I bars anchored ... ' 

4 

Beams -ith -et reinforcement: 

Longitudinal Oars rot anchored ... ...... 

Longitudinal bars anchored • 

Punching shear 

Bond on piles (in seals) 

.steel or concrete piles, 10 lb,/sq. in. 

(Pre/idirg the pile has the resistance to pull thereby induced.) 

Coef f ic I « t Is. 

Thcrital. .000005, Shrinkage. .0002. 

Steel re i nf creement: 

Tension ir flerural members .......... 

Tension in web re inf • 

Compression 

Bond: 

Bars not anchored 

Bars adequately anchored by hooks or otherwise 


ft ■ 


a ft ft « 




ft ft • 


ft ft ft ft 


times the compression in the surrounding concrete 


600 


1,500 

I.IK)0 

1,200 

800 


600 


140 

180 

160 


18,000 

16,000 


100 

160 


transmission towers -live loads (5- unit stresses 


w b 


H 


T 


^as/- be less fhon 
\i- S/n 'P ) 


6 

one/ 


mus 


/• 


ii/r face 


he le^s fhon 
sa fe b eon/rfp 
Vo/ue of So//. 


i 


FI6. A - DISTRICT LOADING MAP.* 


h - c/epf h iry P/ be/oiAj Sur face, 
hf Ho^f "Zo r3 /o / force. 

7 o/a/ verf/co/ force. 

W 5 Weiphhofeor/b por Cu.fh 
'f = y^np/e of repose^ 

'^pp^<^x. So Ju /■ jQ/^ Au/h<or^. 

FIG.B-DESIGN OF TOWER 

foundation ALLOIVING FOR 
PASSIVE RE513TAHCE0F SOIL. 


LONQiTUDIKlAL 

1- Unholanced loads 
due ho chctnpe in 
prode of Conshvcfmn 
broken r^/res, JoinNy 

usedpo/cs, dead 

ends, and anp 

o/hen unbo/anced 
conduc/ors. 


table C - LOADS ON TOWER.* 


VERTI C Al_ 

VWeighf of Tower iS. octypysor/oj. 
Z ly/e/ghf of i^jjre <f Cah/es. 

b. Radio/ Wckooss of ice on wires . 
Heavu o/sirief . So in. ice . 
bPea/hrr-f " , 

Liphh ,00 

^ ^ h of d/ff&rencG 
/n e/evohhn of sopporfs. 


«i 


If 




it 


u 


H 


SIMULTANEOUS APPLICATION OF LOADS. * 


TR ANSVERSF 

^ dor/zonioi w /nd on w/re-s- 

8 -^perS^. ft, on projected area .50 in Ice . 

M' nun. ^ ,, _ 

, f- = 'r ■■ ■' ;■ ■■ 00 :: 

^ dor/Z(^ho/ i/s/ind on To^er m//>A 
n: per S<^. f/. ^ 

: :: j "" 

Id/ih ioii/oeThwer ose /i ^ro_ 

areas of ryaem^e ns. 

l-RcTa/iani of ioads d.^e io change /r, 

d/rec r/ or> of Co nda c hors. 


o /ce . 


aCG 




« / f , /■ / ^r/ng S/mui/oncoas/CJ. 


// Se 


T.ble ° Stresses in Steel for Tr.nsverse ud 

Loogitudioal Strengths S 


Table E — Thickneit o/ Steel * 


Ifitructnral st«el; 
Tensloo 

Compreostoo. 


Dolts; 

SbMr... 

Bevins 


Rlretfl: 

6 hev... 

Beving 


Allowable strews for 
strength 

Iranseorso 

Allowable for 

loogitudioal streugih 

Grade A 

Grade D 

Grade C 

Grades A 
and n 
crossings 

Orad.-.s 
an.l l( rx- 

cept ni 
crrvs^log.} 

Lt 4 . per 
iq. In. 
30 . 0 IX> 

/ 20 . 0 U 0 

\\ -80 LIH 

Lb*. p<r 
iq. r/j. 
2 fl,UOO 
20.000 
-90 LIR 

Lbt. prr 
9 q. fn. 
30,000 
3 ( 1.000 
-100 J.iH 

Lb». p<r 
sq in. 

• 10. 000 
M\ ono 

-100 i.ii: , 

IJ>* per 
tq. in. 
J 3 ,oon 

.n.no 

-100 L/H 

30,000 
40 . QUO 

'' 21,000 

1 48,000 

3.\000 

70.000 

3 A .000 

70 . 0 UQ 

40.000 

1 80,000 

18,000 

36.000 

22,000 

30 .oorf 

30,000 

00,000 

33.000 

06.000 

44.000 

60,000 




Kind <d mambv 


Qidv«alc«<): 

‘"miSJU'u ^ 1 '^“'^"’“ detertanulon otrOvMiMd 


For other looaUtlet 


P«iot«d 


Thick. 

ot 
mein 
members 

ot croee 
emui Aod 

lea 


Incfui 


Thick- 
oeas of 
other ! 
tDembeni 


/fieAri 


y brving tpemben harlog L/R not eiceedtne 123 msy be A Inch In thick 

Table F L/R for Compteitlon Memberv * 


□cv 


KIdU uf t'umprt.aaiuu cucruU r 


Leg member! 


^ Ad o pfed trom A/af/orjaJ £Iec‘fr/eaJ So fe/u Code. b*viiig figured it 

as^&ureou of Sfonaionois. •' | Becooderr n«inb« Wl.hou. 0 ,^„j 

ne Aijrfyon recomrr 70 nc/s hhesc 1 i.'.'j.: _jj_j " 

he used on /yon /arpe^prajochs, f^rsmo/ZproJeo/s. ase ddS.C. ^fress^x. 
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DAMS 


- FORCES ACTING 


ON 


D Bf g, I'lR F DDE TO ICE: Commonly assumed at from 3, 000 fo 5,000 lb. per S()..f t_ 


: = 
"5 1 'i 


Lr;at c-n o* Dra''^ 


^ ^ c 

4,. ^ 3 ^ 

o: X = 

6 z ^ 

fv < CP S 


w 


r, c 


c . O U ^ ^ 
•" .f X •’ 


All foundations Ofamed £«cept at 
Oesief. Neyf and Wilwood Dams 

-. 'Base of Dam 


“A-' f* 
A?. ^ 


a . 


Jl 


f •> 


1 


Cooimon Priirtise 


Taiiwaler = u';A, . Not to__Scale 


jh 


y*' 




Wi 


.fix v\ 

//;■ ^V 

i/ / \ \ 






iy.' 




V' 




3C • 




-= 50 


I I 


.v> - 

y 


^60 - 




I. - 


'-■■pw ~7^’ 

M / / 


M *U" Ot I> 0 « >->*' C^ouM 

um f)Bv UM Ctf»nv»i S*uA. C«Miia 
•■Ct' «pw 4 *»« s^o«* *"• Vi« c«(tta 

••ortf tne Homwo®! Srftr**a l/fT**Bw. CfwW 
-4*' ^ Smiwm Cmnflm ScM 

■ -0>' N Untt ite 3 CiCf lakaftc lufi IM QmM 
-^0r«' fariw*^ CanWic SUtr »« C.'rywrti 

-w- Hfft. Cr^ CnT«J“ wa SftiA. 5<« 6«wt»n 
Uaon itv<t Crrsi>M CwM 

!.«. «n^ MevK t4imn«. Cruia 


100 


, ^ fcV • 

Distance from Upstream face of Dam in Per Cent o1 Base Width 


FIG A- UPLIFT PRESSURE ACROSS BASE of 
MASONRY DAM ON ROCK FOUNDATION. 


Headwater CCwm Seetionl^ 
p-Pb fc-t^LPMUJ P"^_ 






«« 

I «> 


^ 40 


'•3 




>>* ii A A ^ Lines 

Coefficient* of >>, j 


■ I 


ou 

Hcvl 


'b> 64^ Prtisure Ctjrvts from fig Uo 1 

t I 1 i I I L 

01 02 0 3 04 0.5 06 0.7 

Frectionai Oietance ecroia Beat of Dam 


Example: 

Given: Dam cuO-h^/O'dase-, G'cuf off; end 12 net 
head- 

Required: To f^ind upiifi pressure at midpoint 

of base. 

5o/aHon:f- /.G7 ;from chari^37% 

O.il xlZ'heod •• Z.rhead. 

FIQ.B-UPLIFT PRESSURE ACROSS BASEof 
MASONRY DAM ON EARTH FOUNDATION.** 
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50 >00 ISO 

PP£5Su«f IN L0S PER SO FT 


ZOO 


250 


EARTHQUAKE PRESSURES 
APPROXIMATE PRESSURES FROM AN EARTHQUAKE 
OF amplitude - OIG. ANO period - I SEC, 


Formula: 


He= 

He 


O.I\M 


Z c.g. He 

I Notation: 

He-LongHudinof over f-uroing 

force applied of eg. 

kV - ^eiqhf of dam. 
g z 32.2. 

NOTE: Avoid /ocof ion across 
c fouii fine. 

Ofherfoefors ore: 

kVoier pressure due io shocks 
reioHons betcueen period 

of vibrofion of /he foun - 

do/ion or>d of /he s/ruc - 
iure. As These approach 
each other, /here is 
danger of resonance* 


w 

R'-Resuifoni of oii forces including 
uplift acting above plane A -A. 

Keep "R'ouii-hin middle third 

of base in oH cases. 

Keep ton 9 ( 0.15 

Mox/mum inc/ined pressure 
eo, 000 fb.per Sf'ft. or Jess depend/h^ 

on nature of ractz, 

FIG.D-RE5I5TANCET0 

SLIDING ' FOR ROCK, 


FIG. C- FORCES CAUSED BY EARTHQUAKES SLIDING - FOR ROCK. _ 

ye.n E. Uoi,M.^civii £n^.l5iz*‘^L. A./VdAy^, Tr-Arjf,. A-S.c.c:. /33S From Louj Dorns by National Resources Comm. 



DAMS- RESULTANT PRESSURE- PRACTirAI SECTION 


Ic^ or 
Pressure. 


^Or^ht^c/o/S'c /fe/ce 

On 

/<rr ^resTtM 


Earthquake 
Force or Dam- 


F oundoffon pressure 
u^i/J be Found by construct 
trig the tHang/e or 
trapezoid ujhose c.g. 

ties opO~o ond cuhose 

orea ' numericQl \/^ctue 
of the v^ert/'cal com- 
ponent of the resu/tani 

onctuohose bases x. 



Pesu/font oF 
A// Forces. 



FIQ.A-DIAGRAMMATIC REPRESENTATlON^tTF 
PROCESS OF DETERMINING FOUNDATlOt^ 

pressures on a masonry dam. 


67.14' 


78.80' 


200 . 0 - 


10557' 


Middle 

Third 


124.42' 


143.10' 


/ce on 

idove 0 
ttessu, 

2 


10 



\ — T — ^ 

0.75' 

\ \ 


\ \ , 


Design Assumptions •. - 

ICC PPESSURt tC.OOO \b. 

Uplift - 2/3 h ai heel to 

0 AT THE Toe. 

Resultant at edge 

or MIDDLE third. 

Freeboaro-3'. 


)5oo lb . >vav€s 
YiHtiouf ice. 


20 


30 



Design vmith 
No Ice Pressure, 

no WQVC&. 



Z 1.2 S' 



FIG.B- PRACTICAL SECTION FOR 
CONCRETE DAMS TO 30' HIGH. 


OESIQN assumptions; 

Maximum Inclined Compressive Stress 

/5 eo.OOO/bJsc},. ft. 

Maximum Friction Factor - O. IS 
Maximum (/piift Pressure: 0.5 heighi of 
cuaier. 

Up //ft Area - Across fu// Pose uuidth 
ItVind yelocifg - 80 miles per hour 

ice Pressure - SjOod lb./ /in.Fi. 

Pefc/i - 4 mi/es. 


. FI6.C- PRACTICAL CONCRETE DAM S ECTION: 

*Pc/ap fed from Pn^/neerfng Par Dams Creager, Justin Hinds. 
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DAMS 


farth dam sections 


20 ’ 


pyUx. HMdwater El€v 


Impervious Sandy Clay Core Mmportedr 
^reinfbrced concrete coreu^oil' 

^ 2’ Washed Gravel 


3' Dumped 
Riprap 


0^ 




16' 




Sand Gravel 


50 Sand Gravel 


Sand Gravel 


Original Ground Surfact 


Sand Gravel 


WHERE OHLV SAND ».VMLA5LE 

FOUNDATION IS PERVIOUS FOR SO FOOT DEPTHt. 


Max. Headwater 


2' of Dumped Stone 
on 12*’ of Gravel 


3 of Dumped Riprap -- Coane 

on 12' Of Gravel — Unc 

;S0' Coarse Sand 


Of) 


Original Ground 
Surface 


Coarse Sand 


Impervious Stratum 
FlQ.B'DtSlGN FOR SITE WHERE 

sand are available - FOUNDATION SAME AS FOR f 1G.^■ 


3 Dumped Riprap' 
on 12" df Gravel 


Coarse 
Sand 


:Clayey^ 
Silt 


Coarse 

Sand 


Filter 

/ Rock Toe 


'-^1 j|l' 




Impervious Foundation 
Consolidated Clay 

FIQ C- DESIGN FOR SITE WHERE CLAYEY 5 1 LT & COARSE SAND 
ARE AVAILABLE • FOUNDATION IS IMPERVIOUS MATERIAL. 


Maximum Headwater 




Clayey Silt Blanket 


// 


V' /' 


Sand 

Gravel 


xif 'IK' r < *. * 




Clay^\ Send 
' Silt' A Grevel 

V 




Gravel filter 

Drainage Ditch 

-/ 




1500': 


Sand Gravel 


FIG. D ' DESIGN FOR SITE WHERE CLAYEY SILT ftCOARSE SAND 
are available- foundation pervious to GREAT DEPTH. 


Max Headwater 


Sodded Slope 
on Top soil 


Berm 


3 Dumped Riprap 
on 12 of Gravel 


Silty Clay 


Filter of 
Sand Gravel 
(Imporledi 

Rock Toe 


^ A 








See Pq.3-20 3'?£ for 

addiriona! daicx* 


NOTE- Filter assists in consoli 

Plastic Silty Clay dotion of botH dam ond 

iLarcelv Unconsolidatedifoundation bu proyfdino 

^ an escape tor Luoter In sou 

FIQ.E-DESIGNFORSITE WHERE ONLY SlLTY CLAY IS AVAILABLE 
FOUNDATION IS UNCONSOLIDATED SILTY CLAY (PLASTIC), 


2 ft. of RiP-R/VP OR 
\2 IN. OF GRAVEL 


Tine aRAVtu 

SAhi D 


or3 


3 


20 
VIOUSH 


LAY & Sand 
fhan 0.05mm for fTHper 


Alternote 
Sodded Slope. 


30% larger ‘than 0X)2mm.tbr sfobi 


I.'f 


Drain to 
spill ojotj 


Impcrvtou S- 


Rever.se Ft Iter 


FIG. F- DESIGN FOR SITE WHERC CLAY &SAND ARE AVAILAB' 
FOUNDATION REASONABLY IMPERVIOUS.t 

* Adapted from Engineering for Dams by Ji/strh, Hinds 


Remarks On Sect>ons. 

Compoc fion should be mode 

to maximum densily < 7 / 
opfimum moisture. 

Impervious sections ond 
coorse sections should be 
Luifhin the limits given in 
Fig. A. 1^.4. -74. 

Shear across dam sections 
should be checked by scientific 
investigation, but the sections 
shooun should give adequate 
safety factor for the materials 

noted. 

Forth dams require sepa - 
rate overf/ouj struc tures, as 
u/oter overtopping damculU 
destroy it. 

Foundations should never 

be on peat or vegetable loom. 

Compact’ in G " layers 
with povue r e-gu rnent" 
and J /? eeps Foot ro//erS‘- 

SheepsFoot po //^rSsFauici 

he used ho reduce moisture 
and aid Compac h/o n 

Rip- rap n/dh fine prove/ & 

Sand on upstream .surFooe 

fa pro Fee/ erpoinsF wave 
acF/on and provide o reverse 

F/YFen in cose of sudden 
draw cfon/r?- 

Coarse sand- Bb% size 

Cheek soffHoundof/on 
ossurrt pf/orts by £/os t / e 
Theory , Pg- 3-Si. 

Creaper., f by Rufhor . 


DAMS 


TYPICAL SECTIONS 


nOCKflLL DAM WITH ARTICULATED CONCRCTE SLAB 




Impervious biankef of earfh 
3 or concrete on fc p of pervious 
W/ of fi/fer kype. 
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rrpicdi e^osf stvrio 0 


FI6.A- ROCK FILL DAMS' 


mro 

eOUMMnOM tf ^SS'AU U4i 
niTM CO 0 $Clttrt M Ci 4 r flu 






t 04 x WATeff HjHfACe 


UAL miTH cone At *t 00 

Clay fiu. 


J A 

• 




roe ftL L 


typical secnoN 


DECK AND ERMME DAM OH SORT FOUNDATlOH 


fAurn \S’u$ Yo #oicir ahyh *ahcho» oolys 

_ ^ J • ' • I I » 

TrOiCJi StenoH 


DECK AND FRAME DAM OH ROCK FOUNDATION f^ocf tiLitO CA>e - 9S >kt // 


tv • n, 790 ^ //. 790 

t!** X*tO S.AtO 


• S.4 


FIG. B-LOQ CRIB dams; 


CRIB AND DECK DAM 



660 
I ^50 

0 WO 

620 


60 


80 


e t 

too 120 


160 180 200 


)p Dr wnogt D*^h*\ 

Spr/oQS-. 


Rtvfrgflom Sirsyt 






F I G. C - EARTH DIKE f/or cofferdam). 


*M 


SI. 648 0 


S7 '0 ‘Sftt/ Shttf Pihna 

e^eo*/s<fff ^ 


S! 6440 4 


6 •/ 2 ’l¥o/f 3 ’-. 
Moffmt/ £/ 636 J 


1*4 I ^ 


: 3 S\ 

Ptieo 


BoH 


Sondb 


rSl. €20 i 


ogs- 


Benti Art l2'oc. 


'Drain Pipe. 


/ / 


5 * fO' /S 

j — ■ \ ^ 

Sca/t 


.r / n ■ 

V-'' / / 


SS'-C^ 


| f|G.D -TYPICAL COFFERDAM^^^ FIG.E-CORRECTl ON OFA BOIL^- 



W„;e l,y .i Co/^r, I,. U„..r,„y Pr... 


PkW CtNT FiMtP WEIGHT. 
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dams - MISCELLANEOUS CRIT^RI 


rk^ 



- 10 ' 


80 


50 


JO 


30 


10 










O cor-vf ‘O ^ 


SIZE IN millimeters 


/; 


.-^^^poer Hry^if or^of/s^aa/ary crc=re 

uoo^r.’L'nifofxo/^^ core rr7o/-erioJ (Ur,^^y/iari-J. 






w 


‘•.Z'C ’"C V- 


r^arerTaZ %rirr,perZous .ecffon for rolled 

■:-e cf mc'^eriols for /'mpen^ious secf/ons of rolled ffH dams (JuSTin). 

/- r- 1 tr /- -T- I hvi r>i^ KJ/"rrDI^I Sec also Po30S- 


FIG.A-CMART FOR SELECTIOJS 


TABLE B- SETTLEMENT EXPEC TANCV ^ — 

■ '^ruci-ures: Provide for seftlemenf, shrinkage, 


M ATERiAU 


stiff CIOL/. 

Si a 


PRESSUnEriNToNS/SQ.FT.). 


No MIASURAALE 
5 ETTLEMENT. 


1.0 


Sand- ClQLj. 

Fine Send 


1.5 


DETRIMENTAL 

StTTLtMENT. 


4.4 


fiofe inconstsfenCQ. 


ond expans ior^ by use of Joints and Hey ways. 
Flexible Structures : A/iow time for foundation 
settlement. A/iowfor consolidation m completing 

f/ii. 

Basis For Comoatino Seii/emenf. 


J 


S eHlemen'l = 


ei - et 

/ i e, 


F)” dearing caooclfles of soils S-rocMs seep. 2-50. 
Soft fyrmailons should be checked for shear 
os shoujr) belouj* 


Id here 


(?/ r 1^0 Id rado before consoHdoHon. 
e^z ** afier 

h = Thickness of la(^er in feet 


P-)Nh 



TABLE D-50IL SHE AR VALUES. 

Cohesion Per Angle of InterI 
So.. Ft HiktFR'CT'ON/^ 

Too I 0 ° ~ 


Soil. 


PLASTIC STPATUtn 


lay • Li Quid. ** 

'• • Very SoTt 

• Soft * * 


* H 


4 t 


(A pp//es an 
p/os 




Foir/y Stiff * * 

'T 7 ~~r^.hprrnrp~i^ 


- Very Sfiff 


^ f/c so/ 

Assumes e^c/zda/enh cross -seakfor> 

5 = Mox'imum unit Shear - lb. per sg.h. 

P Ircximum und pressure- /b. persg-in- 
Forverp Q^pnjyX. Jimds f^tS See Tah^e D . 

FIQ. C - FOUNDATIONS 
OF PLA5T\C MATERIAL. 


Sand ■ f f ef ** 

■* - Pry or iJnmov^S 


200 


TOO 


1.000 






SJft. 

CemeryJed Son d 3 Graveh We 


34 ^ 
20 


*> 


4 » 



Wf 

fa / 1 



sis is adnisa. 


^From Locu Dams by Notional Resources Comm. + From Tra nsac+lons cf A- s.c.e. 

® rrom The Appheof ion of Theories of tlosf/cify fho/r^ 0^6fl J ^ r ^£n^ine^rfnp 

and P/osHcitu /« fbundaiton prabtems bq lee Jt/fyenson, iA^ar^.wPilf on auicKshehrf^^^^ Qu QUTnor . 

_U- Abikon foe 0 . Sr. Jo/if I 3 U. ^ ^ 


of 
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DAMS - MISCELLANEOUS REQUIREMENTS -1 

Vr upstream :id^ of dam io ih^ dcwn- ' 

be kepf I % dams ond ohng fhe hne of creep, must 

Creep -Ppih n r fo ro/ume ond velocify fo prevent piping dhoiUng. 

—; ,1 1 fujgfer along con fact surfn r e between sf rue f are ond foundafion. 

recomme nded cree p ratios*/? /r.r.c) 

— — ^ M arterial c I ^ “ 

^ - p a gers ufPrsofne Cobbles ^ f fl 

Jf/edium 5an^ ^ \ 

^ <7^5 £» S pnd ^ ^ \ 

^^-Hdddcidir tr- \ 

J^ediumGrpgel^ -yPry Hard dau or ^ 

Coarse Groye! mc/uding | Hardpan. i c J I It 4 

50me Cobbles. 3.0 ( ' — — ^ j 

note: / rp" for a critical section is less than the tabular ya/ue, 

11'°^° should be inserfed /n design se cfion. ^ h., is L 

Limdafions : Does noi iahe info account- P 

/. imporhonce of shape ■ see Fig, C dc D p 4-76 

ZUne of creep „ag „„f j,, w direct pofh of secpoQc. (a IlfcTSoohit oipinol 


h, 1^3 L 

h 


TA6LE B - 5SSPAQE LOSSES FROM COfrERDAMS. 


/? - Creep Ratio. 

(/^ check agafnsf pi pin al 




Ratio of Areas ^/a 


Material 

Cleon Grove/ 
Clean Sand 
Fine Sand or Ci/f 
dau. 


0.1 

0.43 

K 


O.Z 

O.GZ 


0.5 

0,14 


0.4 

O.SG 


0.5 

LOO 


O.G 

I.IG 


0.1 

1.35 


0.8 

LGZ 


0.9 

2.0G 


0.2GGZ ~ 0.0Z118 

5787Kld''~sysj ^IQ-^ 

2776^10'^- 2718 KlO'’- 
Less than.- 2118). to'' 


< 


5chokuitsch Formula. F/ocu in go! per min. 

u ^ • i-25 xeffecfiyetor 10 % 

Cl c loo K<p ^ 9^^*^ size of sand. 

mere: Q : Quantify of flovu in cu.ff/sec. r-Cifi 'rdCLpry: See p. 3-01 for v/sua/ 

K ) Coe fficieni of permeability <l^^'-^J'^otion of groin s 

m cu. ft/sec. -See Tabled, but a soil ono/gsis is )ndicated. L • Lenaih nfd^^ ' P 

i> - da/ue in ToS/e & gSoyre . / Length of dom ,n fee 

Note: On dams over 15' high, seepage losses through embankments should 
be determined by experiments on scale models. 


Alternate Forma la 

a, -cLh 

iVhere:- 

Q , « flou/ in go! per min. 

C • 1.25 x effective (or IO%q) 
groin size of sand. 

See p. 3' 0! for yisuoi 
determination of gra/h sti 
iy tfeod foss in feet. 

L • L ength of c/om in feet 


^ t' or oiignmentj ^ One or mn re water stops. 

) A ‘ V' ^ -Ji: * -VLMp • 'Ar 

'ownSTream L' T-a. ' ''■//: ^.’''^1 

^ace of ^ ' *. Treat joint to 

' . '■ ; y. prevent bonding 

t- ‘4. ^^^crete. 

^ ' ' I ■ ■ — '^Upstream tacQ 

of Pam. 

Horizontal Section. 

OUotu /apse oF t/me betujeen concreting adjominq 
sections to reduce shrinkage. 


Do wn s tream 
face of Dom\ 


^ • '4 • • ' . 

• • • j ■ • i*J 


J /'. -j. 


« a 


• * v» 


* 4 * • . : a , *0 

• *«• ■••* - A • ' / ' 

• • • e , ^ 

' ’c 'V ' 


F lotati ON Gradient.'*' 

ttgc/noo/ic Grod/ent ot r/hict 
bo/ is or ptpfr/g occur, 

f/o/at/on Groat/erj/- =• F 

Fc = I approximately. 

P‘ Proportion of voids. 

S ‘ Specific gravity of sand 
grains. 

H - Hydrau/fc heac/ . 

L • Thickness of bee/. 


PIG.C - CONSTRUCTION JOINT ESSENTIALS. L - Thickness of bed. 

^Adopted yam Transacyns otVt.S. Cf. - l935,P9.l235£g£.ld iore.^ •from Lacu Dams bu 

A/of ana/ /Resources Comm^i Adapted tram White Frentf^, Cotferds.m., by perm fusion 

of Co/arr7d/4 Un/wers/ty Free>e>, ^ 


"'ha K/ iq - MI.SfFLL ANE0U5 REQU1REMENT5-2 


Stevenson Formula ; 

For ‘F'preo/er /hon 20 miles •• 

h -- o.n sTvT 

For F' /ess /hon 20 mi/es: 

h‘- 0./7V /F 12.5 - F* 


-kiox. height' ogoinsf yeri. surface. 
^ r Crest 


C fetch 


]. 


Trough. 


IVhe^e: height of wave /n fhet- -i — ^ 

iV/nd ve/ocify in miles per hour. ! ' 

-.Unobstructed length of lake /n statute mi /es (fetch). 

/Vove Pressure. P -- I25h^ Jn pounds per linear foot 

Mcxfmum height of waves ; On a vertical surface = 

On on inclined surface • l.5h. 

Minimum Freeboard on lakes Jess than 2 miies long * 2 feet. 

fIG.A-HEIGHT OF FREEBOARD WAVE. ACT! ON* 

Note: Waves exert scouring action as they travei up and down s/opes. 
Embankment shou/d be protected by paving, riprap, eic.-, provision for drainage, 

incase of rapid dr^d own oFreserv air, shoijl^e_ m ode. _ 

Zuider Zee Formula -. 


5 ■- 


V^F 

I400d 


X Cos A 


'Whe’-e 


5 - pise of water /ere/ above norma/ in feet. 

V ' f/ind ve/ocity in miles per hour. 

F ^Unobstructed /ength of take /n mi/es (fetch). 

d = Average depth of mater in feet. 

A • Ang/e between fbtch and direction of wind. 

FIG. B- RISE IN WATER LEVEL DUE TO WIND 




Rule for filter mater iaJ is based on 15 7o size. 

J5 % size means- iSZ by weight of toMKM 

par tide 5 ore smaller than size given |k|K 

and S5% are larger 

To determine required size- step up grain 

size by 9. ^ 

L agers of m ateriai sh ou/d be i2 'min. p&i, 

thickness. ' j t. 


Groyei 










1 I t 

F/ou*’^ 


I • V «• ••I 
; 'm i* .* J 

* I * * I *** ’•# 1 

^ Ft,0uj 


From pic ■■ 


A f i ' 

G/yen SUf whose groin size = 0.0 1 mml 

F/rsf /auer-f/ne send - 0.09 mm. /ror 

^7 w AAi ^ ^ goosed on 15 % si 

Second /oyer -coorse sond • 0.8/ mtn 

Third /Oyer ' grovel -7.3 mm.^ 

3b ^ oiso ro/io oF /5 % To 3S% s/ZBS^ree Pg.3 "I3. 

flQ.C* SELECTION OF MATERIAL FOR REVERSE FILTER. 


^//dopted from Tronsoctions AS.CE.^ iS3S,psP84 Ay D A. MG/ffesn . 


SPILLWAY DESIGN 

over topped. 

° ^y^^°9ro,H,c study. 


J-ORMULA for nF^ir^|.| 

SPILLW AY OVERFLOW CAPAr iTy 


y\/h ere ; 


Q - LC 




Q = Discharge in cubic ff per sec. 
L= Length of crest in feet 
C' Coefficient - See Tob/e a. 

H= Head on crest in feet. 



3.0 


■i 


V.' 


if 


- i.b 


■r- 


c.o 




N 5 IN I 


N P C E T. 



iZ 


S.32\S.44 


TTS 


'.S3 


ISO 


3.60 


3.46 


3.61 


3.64 


3.43 


222 


3.4 2 


3.61 


315 


3.4! 



3.32 


3 T 4 


3.36 

UJ 


3.20 


3.46 


3 J 1 


49 


3.50 


3 . 3 $ 


3 AL 




77J 


3.37 


Flocu 



H-l.OO 


— e 0 — 


3 feel Ang/e. 



8.75 







FIG.C- typical ice-breaker forSPILLWAY. 


8 ^tlOQ of 
^•“1 C/e.i , ^ 
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^ pf ftp 
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VdO 
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HG-B- TYPICAL SPILLWAY rPF<;T 


. ^ 


* • r 


kv 


* • 


For Mean Velocities udhichuril not cause eras ion- see p 5-03 

For S/ze of Channel- see p. 5-29 

TA'LiVArS/i SLSV. 


4. % 


S/DS ihf/iLLS TO PRSVBNT 
BROStON BAdjPS 


i \000 PLAMK 5 OR manhole COy£B._p 

f 


ROLLEF 

d^uCKET 


p • ' 




•\D 


BRFne y^Aiis 
/^PRON 


t 

t 




V • 



' • . 



RRtSB B\D OF APRoli 

TO fOP.S4 37i^UNC 

BAS'N. 


pir r\ k. J p *-*- L I ^ ^ OfftT/TATlON PT JO/NT5- 

fIG.D - METHODS USED FOR SCOUR PREVENTION 




PACK 


4 

CUTOFF COiLAAfTO CtiSCK CRfSP, 


0 


it 




X 


Z 



r 



UCTfOAf 04f 4 OF COftOUtf 


LAOPSA 

Roi^OS 


To CHECK CREip Atong structure ■ 

MAKS 2 , > 1 . 2 SI 

TO PETERMINE PIPE SIZE HEdU/PED! 
See Pg. G-e3. 


gate pressures. 

To Dstsrmihs Force To 
OPEN Gates- 
To Start =0.75 h. Area 

A f ter Start = 0.40 hx 
hr- head to center o-f gate 


5 E c T. A - A 



L.. 


FIG. P-TYPICAl 

THROUGh DAM** 

/^rom loau Dams by National Jtesoarces Cordm. 


I 

— 1 

:a». 4 p.4f 

' <i^AT . Kp -m i,\ 

• ♦ 4^fi A 4^^ AfTft iyy 


{ 


Detail o^Gate Valve iNsiALLATiotM. 





nANym - WHAT THE FLOW NET 5HOWS~ 


jl^ 'e -cv-^ 5 ^ ^/cH/ejade, she is far hinder to those cuho study her laws, 'lozarus 
X ocjr, cohere pcrMes arp f/ocfed ty ^pu^crd hydrpulic force. 

'Ceja'S sc.^d opproximofe/y wh6re • 

Loss of dead . ^ (See page h--15 fbr Flotation Gradient). 
Horizontal Distance 

Q.^:ck meter, o! tends to lose its supporting potuer. 

j- ^'-yer is fine sand cuhich retains water and is guaky ■ O.OOSto o.o mm., 

'' , , , r f-r. A^// snnds reoume a to rae voiu/ve 




5u.' s 


^ . 

fo bail* 


O'^er to bo/ 1* . '^/^Av/ 

Fpiv nets are obtained to models and/or by ano/ysfs. This preparctf on re<fu/re s spec/al skilly 

II 1 


T^e -ever 5 e filter a/IouJS added 
under greater head of wafen 
J 5 ed assist in excavation telocu 

ou^d ujoter /eye/- 
Use uj/th caution. 


Water 


J iz^Q'ge 



. Gravel or 

Broken Slone 


Sand 

t t: ::t :t 

Lpytord flow 






Clay Blanket 


Of- 


•On 


I • • ^ • 


riG. A- REVERSE FILTER. 


FIG.B* ILLUSTRATING SMALL EFFECT 
OF CLAY BLANKET IN A COFFERDAM!* 


Water 


Wafer 


Bo. ng 




• : *1 


y T- 


Sand 


:L 


■ ■ Capillary Zone of fhw 




'Point 6 

of 

Saturation 

. Sros'fon 




• * 




FIG. C- ILLUSTRATING INCORRECT 
PLACING OF BERM IN A COFFERDAM. 


• • 

FIG. D - ILLUSTRATING CORRECT 
PLACING OF BERM IN A COFFERDAM. 


'/Adopted fyom WhU^e Pren^,s>^ Coffcrc/am&j E>y p>srm/ss.ion of Co/umbid Lfn , rrrsify Pf-ess.. 


DAMS - WHAT THE FLOW NET SHOW S -2 


^/'/> of pfrco/oh-on iendfo s lough 

Of f Slope because of so^ura^, on. 

Remedy: f rei.'erse filler, or rock foe mUH a 
drotn, 


f^dditfonol f//I pjQc&d on fop o/'docun- 

stream slope does not remedu a saturaled 

toe- 


FIG. A- EFFECT OF FILTER AT TOE 
OF SLOPE.* 

Nofe impro^^emenf in fhuj i/nes of foe. 


FIG. B* INCORRECT REMEDY 
EFFECT OF ADDED MATERIAlT 

Increased ffouj concenfrof ion of foe is 

offsef by reduced flouj pressure. 



Sim 




II 


FIG.C- EFFECT OF IMPERVIOUS 
CORE ON PATH OF PERCO LATION .* 


Increased flocu concentration of toe 
is offset by reduced fJocu pressure. 



FIG.D- effect OF IMPERVIOUS 
BLANKET ON UPSTREAM SLOPE." 


Permeob le embonk.ryenf acfs fo suppcrf fne 

core cuoH , and as a dram for uuafer per co laf 
ing through fhe core. 


Per meo b !e 

\ embpnkmenf. 


FIG. E- EFFECT OF IMPERVIOUS BLANKET 
ON UPSTREAM SLOPE 8f BOTTOM.^ 

Hthere foundation is penf/ous, arei^erse 
filter and drain beiocu ground ie^ei to carry 
cuaten stobiiizes em bank/rxsnt by 
ioLuering the cuafer table. 


//nes of seepage 


For design o f reverse 
^9^ filler • see p. 4 ■ 7G. 




% * • « 




FIG. H-OETAILOF AFCevERSE FILTER 

AT TOE OF SLOPE. 


FIQ-G- SHOWING HOW CORE WALL IS 
SUPPORTED BY ADJACENT SLOPES. 


f siigh t omoun f of '• 

seft/enoenf causes pressure ■ ^ 

on sheetpHin g ■*. 

breaking it Or V \ \ 

shearing fhemasonny. \ 


4 * ' ^ 0 • • 


The effect of the 
cut off is to lengthen 
the path of seepage. 




t < % 


*> • 






> 4 


^Adopted from Louj Dams by Nationai Resources Comm. 


FIQ.J- DANGER OF SHEET-PILE CUTOFF 
UNDER HEEL OF DAM. 
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DOCKS & PIERS 


GENERAL 


T£vRl F A- WIDTHS OF PIERST 


PreiQhf P/^rs 


/0,000 ton ships 


i/e sh Ip. 

ship each s/de 
s/i/'ps each side 


S/fps __ 

Q uous. 

table B - F 


REEBOARD 


D/' stance oifoi^e mean 

h/ph fyater S' fo G' 

y carp in g ua/tti exposure 
fo cuayes. 


5/no/e s/y/D. 2 00 feet. 

one s/y/p each S/de 300 fee/. 

fcuO s/i/ps epch_s/de__ 550 fee/. 

300 feet. 

zgg feet 

TfvP .1 F C- DEPTHS OF WATER. 


Piers -F/r si da ss Pass. -40' a f ioou ojo/er 

” ” Fre/ghi -35' of foujoua/er 

R/yer Steamers ■ /O -Z5 feet. 

SujbJecf to spec/oi study to fit 
nature of traffic e^fpected. 


TABLE D - LIVE 


LO C at ' OT^ 


P ecu York Dock Dept Piers. 

•' " BuP/oead kVal ls. 

Haro no Steamship Docks . ^ — 

Ha a far - Concrete Pi/e Pier P-2^ 

Phi/a del phia ■ Municipal /VParyes . 

San Francisco - State Piers. 

Ba/t/more • Mun/cipo/ lA//iorye_^_ 

Tornpico O// DocF. 


SMALL PIERS - WAVE ACTION 

P- IZSh^^ton e 

Point of Application - i h 
IMhere: P= Pressure in /b. per /in. ft. 

h ’ Height of u>oice in feet. 

6 - Maxim unn an gle Pe tween 
^ pier and uoaye front (At in. 6 -/5 "). 

Fx ample: 

0//er : Pier 90% open; wa/e‘Z0'; 

pier ± urare front 

Required ■■ To find'P." 

Solution; Men. d = /S” .: tan 6’ 0. 27 

P -- IZ5xZ0^x(/.OO-.S0)x O.Z7 

P ■- US /b. per /in. ft 


350 



400 




400. 


L0AD~5r 

Live Lo>^p Pounds Per Square Foot. 
Lower Deck Upper Deck. 


SOO 


/OOO 


250 


too O 


GOP 


SOP 


GOO 


BOO 


PRESSURE OF FLOWING WATER ON 
nPiSTRUCTIONS-CURRENT PRESSURE 


it 

G4.4 

/Vhere: V‘ l/e/oc/ty Of Current- ft. /sec. 
P= Pressure in /b. per sguare foot 
Id-- Weight of water in /b. per cu. f t. 

F - a con s tan t 

1.5 for ft at surfaces. 

- D. 75 for round surfaces. 

No TE : 

Use /SO /b. per square foot 
minimum for streams subject to 
fresh e ts. - 


■S H PC K PRESSURE.- P ierhead bent to be 

designed for a horizontal thrust equal to 
/%of max. weight of vessel to be berthedf 


'Adapted from Greene , WhArua s- P/ers, GrAy\/-Pifl. ^ ^ • 

*Co/cu/ations by the author assume a permissi/o/e horizontal deflection 

of pierhead of 6 " and a g/oncing b/ow eguai to i^/o ofhinetic energy 

produced by o re/ocity of / mi/e per hour. 


DOCKS & PIERS -THRUSTS A6AIN5T DOCKS 


P = i ujh ^ fan ^(45 


P--(iujh^i- vh)ifon U5 




Notation. 

^orce in pounds per I /Tl 
i^e/ph f £?/ so// in 
pounds per cub/c fi. 
deiphi' of (4^0 // /n fi. 
Ang/e of s/ope 
See pp. 3 23. 



Surcharge /oad 

pounds per sg.fi 


A5E I - EARTH 


CASE I- EARTH & SURCHADf.F 


P ' ih^(uj,f LUj fan ^45 

For yo/ues of IM see Table B. 


yh(fc7n^45°- 



■■ y/eiphf of seo u/afer. 
approx. 64 /b.percu fi 
^ ' Submerged cueiqhi 
of SubmerpecTeorih. 


y ‘ Surcharge /oad 

22l pounds per sg.fi 



0, • Ang/e of s/ope of 
Suhnoerped earih. 
See pg. J-2J. 


CASE m-SUBMERGED EARTH 


table a- WEIGHT OF SOILS SUBMERGED* 

Pounds PtR Cubic Foot 


Material. 


Qra^e/ ond MorL 
Oro^e/ and Sand. 
Sand 

3ratfe/, Sands C/o(j. 
Sf/ff C/oy. 

Sh'f^S C/g^ d' 


Maximum 

Minimum 



42.0 

€2.3 

7J 

42.0 

€2.4 

(0^ 

42.0 

Sd.3 

80.3 

5L2 

70.0 

Q4,d 

384 

47.8 

70.3 

44.8 

5Z€ 


CASE3g-5UBMERGED EARTH ftSURCHARnF 


TABLE B • VALUES OF W* 


Combined Weight W of Se« Water and Earth, Lb. 

(Equivalcpt Miud Prev>uf€ 


per Cu. Ft. 


Slop* of 
ropoce 
ol Mrtb 


I 


^****^^ iubmerted ««rih. Ib por cu ft.-Se^Tabif A. 


40 


48 


52 


/^e^g/iis ore for so//s Submerged in 
see u/orer. 



Slope 

p * 1 

Angle 4 

/ on 4 

14-- /o' 

/ on i/ 

/(?•- O' 

f on 3 

18^ 30' 

/ on 2z 

M i M i ^ 

\ 2!- 50' 


TABL E C • VALU ES 

Tf VNM45*- ^ 
0.601 

0.561 

0.5! 8 

0.45S 


J) 

Slope 
! on 2 

/ on 
! on /j 


Civ a fnpineers 


! on ! 


Angle 
26--50' 


33'‘-40’ 

36’ -50' 


Tats^ ('45 °- "^Z?) 
0.333 


4S‘ O' 

dondbook bg Merrimon d f/i'ggrn 


0.237 

0.250 

0.112 







DOCKS & PIERS ■ QUAYS - BULKHEADS 


>L?C 0 


b’C’<9'oc’^ i^ebbf 'ng 

pi. es /a^era^ support: 


Bock Jog- 


' Fender Piles 


i 


-LOO 




! li 


m 

““r 


• 


4 r 

V 

• * 



. 

k 

• 

' ■ . 

H 

•v 



.. 

• 


• 1 

m ♦ ♦ • 


k 

• 


•« 

‘s. ' 

• 

\ * 

■> •• 




» 


FjJJer L ogs 


.T k ^ 


SECTION. 


PLAN. 

CORNER detail. 


HALF CROSS SECTION. 


FIG. A -ARNAY PJ E R at PIERMONT . 

■^eci^u auiu fupi :}n.;lor /o Neu. York Dock Dept, practice. These p/ers hove 

on ooproxilofe ^ori^onfa/ thrust res, stance 

,\ote: Exposed to heovu /ce f/ou, oE Top p or> Zee (Hudson River). 

~Note: B ackfill tn thes^ cases shou/d be made fronn outside towa,d^shore to reduce mud,^o.e odion 

Paler ^ F77/V///A V//// 


’enderp. 

P.'e. ^ 
Loou 
yVoker 


t ' » 


/ 


' / 


/ 


rtigh'f^ 

lA/aien 


Rekofn/ng yVa/I. 
P//y P.y/W 


/ 


/ 


/ / 
/ 

/ . 


/ / 


/ 


/ / 


/// 

Fi'll. 

//X 


Sfr. 'nger^ - 
Locu\^ 
looker 


♦ f 


* 4 * S 


Fill. 


P/akform. 


/ ' / / / ' 
Sheet Pile 

CU-fpffri 


epoch 




Fend? 

Pt/e. 


c/eoVs 


7/4^ i 


^ i 


# . 


U.- 




FIG. B - RETAINING WALL 


O: 

« • 

o\\ 

T 


nigh kVoker:__ 

Fender P He _5 
5 tee/ H section 
Lou/ i/ioter 


:Z 

gF 


iY !i 


\Lh^\ i 1 ! ; ^Batter Pi/es 

\^-,rkdr 1 : V ■’■' to pro i//de rests fanc^ 
i ; :J !,] to horlToniol thrust 

FIG'C -relieving PLATFORTvl. 

n Free Joint 


o 


Conoi Sokkom 




Frecos k J 


Concrete 


^ Pi/es. i 




Rap Plug. 

X To OC ' 

‘ as /'':>cFFil! domj 

n '^4 

i</ kicie. Provides 

y loke ' 

- o! r^siskonce. 





to ^ pemd 

'^^Groded Filter material 

on khis s/ope. 


Rock 


FIG.D- 5L1PSIDE DOCK - TYPE FOR HIGH TIDES ^proposed dock at panama). 
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DOCKS & PIERS- AUXILIARY STRUCTURES 


cables fo 


DOLPHINS: 

Tro/icVcffr-kf So/fs one/ u^/re 

pnofeef docks from ,ce and ^eorJng of ships. 

GROINS; 

'yofera^^f^rfnt- ° heach and across // fo prevent 

uvo/is ^ on? scour fo protect tde foundation of sea 

spoeny eyuo, fo fengfH Oos teen 

OSMiS /e o n. offer orjodgmenf. /Otehw foe teoeh hos teen recomn,endea. 


Tongpc\ ^ 
5b 


L 




ELEVATION 

FIG. A - 5UG 




Ga/]/onized Bolts. 


£SeQch Le^et 


^ Brace Piles Staggered 


Creosote /^// Timber 


section 


Beach LeveL 


SECTION FOR GROINS. 


^19 


IVoJi 


P/7e Support 


• -A 

• v^' * 

• » • .k I 
. • 

*.> .• i. ■ 

JV. 'k. •* 

• V- r 


Rip Rap. 


• ‘ * 4 • * • 

fu 

\ 

\ 

- 

1 


(I 


Gro/ns fo protect scauvatt txise from erosion. 


Beach Levei. 


Sheet P/i/hg. 


CROSS SECTinrsj 


T^XX'iPf % fn Ter/""" 




DOCKS &P1ER5 


DETAILS 




c'Cc-<~ oa- 


A '{{jrxXT?- 


Decking - Diagonal. r> 

(Deck She ofh/ng. I 

CT i —Rangers. 

^Cap 

^ -Hor/z-.nlol Snare. 


^ * 

^ ^ W • 





UU u \>u 11 u U U u u u lu 

FIG. A - CROSS SECTION - TYPIC^L PILE SENTJ 


. 4 ^ossiye Fender Pile Groups. 


^ ^ * c ^ 



V ' i 


' U 


' 0 ' 


/O' 


(O' 


JO- 


Double 

Dou 

(Dou 

23' ^ 


Pan gets 

</e Bents.- 
/e Piles) 

^ 23 ' 


through. 


23' 


^ K 


'Jl 

5ECT. 


PIG. B - 


PLft>N 

TYPICAL 


^Spacing in Vreosed to a/iocu 

pcs sag e | of /'re/hroupA P'<sr. 

ENT SPACING. 



Note : Pnchoroge strength of fittings 
shou/d be designed to hold the strength 


of mooring tines . See Table D. 


TABLE D- STRENGTH OF MANILA ROPE. 


IZE OF L»NC. 1 S TRENCTH • 






Z5.000 


12.000 


^ Adopted fyorr^ America/n C/if /7 Engineers' /iandbook bg Merp/r/pn Hi/ggin, 










K^ARINE BORPPSfT FREDo.^^^'). 


l ^o\/c/ seufoge po//ut/on protects pites. 

A//« ~ — 

r^/ 7 ^/-<./e 5 /<f<?/ />//<-^ c 7 /?>r/<f . 7 ^ 

CORROSION: * 

est/moted do tt>e f 6 rn,u/a: y= %l 
^ er^m efer of exposed s/ee/ /n f eet. yo/oe o/^en /r ToS/e A 


5eo A/r. 


TABLE A - VA LUES O F "C" 

0J944 I Pure A/ri or C/eor Piycr 


0.0970 


dter 


0 . 0 /Z 5 


0.1 1 S 3 


^ ^ ' 

A/r oA Afanufactur/ng D/str/cts S- 

Sea A/r. o.izsz 


tVote : Losr /ron dos con s<derob/y more res/stor^ce tdon structurot steet 

Concrete and St eet : /Voters suSject to tndustr/o/ z^aste Zu/d de 

thou^/ng sdoutd t)oi/e protection - suet) os steotd/ng or r/p-rop 
sAeoth/ng. fender pt/es or 

DECAY: 

mo tercet ' ctecog odoi/e /ocu cuater /ei'e/- creosote a// exposed 

SCOUR: 


<^^struct/ons sued os proct/co/ty sot/d p/ers tend to couse nVer 
dottom scour -and sAou/d be mode subject of spec/ot studu. 

A/p -P/p may, be used to m/'n/m/ze scour. ^ 

PILE FOUNDATION*^: ** 

of four, dot for^a or Sottorr, of t, arbor sfoo/c/ 

p//es, ond the of mater/at to be dredyed/o fb/oA 

repaired dejoth o A platen. See fp. 2 -53 to 2 -G 7 tbr pt/e data. 


Adopted P-om /Vborxes <St P/ers to Cor /e ton 
S>y CoL Marcc/ Scyrs-aac/. 


M^Ora\A/-Hill 


k 

(} 

(t 

(T) 




Cieorr> 




s 




i 


i 


OTi 

^ ^non of /Sfo 

boff. 

by aufhof- 


r 


o t^om 




V 


'"<? 


Loading Cargo using Ships Winches Ships 

>vwirs r/koriO ftp AM ON WhAR^ 


0 

o 

(D 




I 


Winch 


C^rqo 5 ca 


Wharf Wjnch 


I 


« 


Loading Caogo using Ship's Winches, Ships 
E> ooM , CARGO Beam and Wharf Wnch 


Aafopfcd frarr^ Oe^s/pn af ffar3or Sfrucfor^s Ap Spo^/oj^ TTtorfP^/M^. 


DOCKS & PIERS 
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CARGO HANDLING -2 


temporary 

Boom 


Winch 


' I V 


Whcjrf Winch 


> ^ 


5kid 


-Wine h 


Unloading Cargo using 

AND Wharf Winch and Te 

Boom * 


Loading Cargo using 5hip5 
Winch and 5kid * 



i/L Escali^tor on 

^ Drop Gangway 



Loading Cargo using Drop Gangway 

Escalator and Trucks* 


Gantry Crane 


/rarr? Des/gn of //c7rAor S/rocYor&x Ay JAaf/b^cY rhorndJJk& 


CO RROSION OF MLTAL5 ~ GALVANIC ^CT10N 

j* QC 'i^on/'c cycl€. c c D 1 e- * 

S QA>L.vA.rNaic 5E.R'E.S 


Cor 


roded end (anodic) 


Magnesium 

Aluminum 

Duralumin 

Zinc 

Cadmium 

Chromium-iron (active) 

Chromium-nickel-iron 

(active) 


Soft solder 
Tin 

Lead 

Nickel 

Brasses 

Bronzes 

Nickel-copper 

Copper 


alloys 


This series is built upon ac- 
tual experience with corrosion 
and laboratory measurement. 

Metals grouped together have 
no strong tendency to produce 
galvanic corrosion on 
Ither; connecting two metals 

distant on the list from each 
other tends to corrode the one 
higher in the list. Voltage 
filures are not given because 
these vary with every new cor- 
rosive condition. Relative po- 
sitions of metals change in 
many cases but it is 

blank. The chromium 

Irons and chromlum-nickel-irons 

Change position as indicated de- 
pending on oxidising conditions, 

Kidltl, and 

tlon. The series as it stanas 
is correct for many common di- 
lute water solutions such as 
sea water, weak acids and alka- 
lies. 


Chromium-iron (passive) 

Chromium-nickel -iron 

(passive) 

Silver solder 

Silver 

Gold 

Platinum 

Protected end (cathodic) 

Alurr^inam Should be used usUh couHon in J 

>nf or o/holles,porficulorlcj where mo/siure wi/l occur. 

See a/so page 4 '35* 


*Adap/ed from Corros/on Ffs/s/once of Mefa/s one/ A//oys bg Kay drl//or/hingion, 


J^einhofd Pab/i^h/ng Co. 


ATHLETIC FIELDS 


drainage 6^ DIMENSIONS 


PURPOSE OF DRAlNArAF- , 

Sub&rojris ( on uno^erno^r^o/ns ) /o ® o^/'c>/.?j- /o /oAzc of/' ro/n fo//. 

i=.osf .cfyZZ /ZZ'JZZTr7Z:z^7fZ"^'°Z-’-.-^ 

5 eo P 3 . 2 ,-nforrur:^ber JaZ<, Zrlfy^ />// ^^o^^oaZe nee<Z for un^er^roiZ 


T 


Ccn/^r 
Ano 


Pf 

?ff 





/ £u/t/m/Doas Ca/rc/^/c 
A‘/y.S'77 

s/ryfx^ or C*o/^^o yio ¥cjp c 




T 


C/oy ’Sor> c//r 7 /x/e/re. ^ 

I par/ f/he soryc/j or/ c/e 
i por/ c/o^. ^0 /oT.t, 

Mo/er/o/s /o ^^yeon. 

c/r /ec/. p ro£//7c/ oocA 
m/X€(^ rry^Aon/ca//p, 

SonaA /o Ab SS% j//^^c‘cry 

Zoo ^ 300 /ryes/s •T/e\z'e» 



d-» 


I 


^ /• j .. 


Pr/me - •2. ^oA- 

MCI. 

^ Grave l.SAofie 
or C/ncAer 3 ase» 


Jo/hAs^-See P/an 

^ O'x G" merh - 

} fv/re^ 

^TTTte 



L 4 "^/?r //se 

Type E cem. 

G GroveA. sAone 
orCioc/er base. 


C LAV COURT ASPHALT COURT CONCRETE COURT 

tennis court sections 

Transverse j/ope Tor Sf'^/cy /A - A>o roZs/o^e /oog,/sZ.Ao/Zy. 

o 3 oA cenAen 


T 


PookeG ^ CAeoA/n CcorAl^ 

'O 

^OP Cour/s p I o yec/ o/j 
rryore An P.A^. /han A.M. 
orien/ M M£. - S Ary 
r?or/Ayern hern/^phere ^ 


COURT DIME.NSIOM& * 


ORIENTATION 




3 p'r^ 


Az S^e3o/A 
— f.p" 




\a * 


END 


TENNI5 COURT DETAILS 


UC| 

POST 


^ % 

3* Minimum^ /O ' /d«a/- 

c /ear .ijpacc an <3// j /dcs 


T 


f5o\ 


H 


6 PcKiiab 



Mdxi/rjurrj track 
encroac/l/nentj -c 

<Wl . 


»< 


Sac kb oc/rd 

Saskm/ 


tb/iou' 


Cc/if^r 



*/>s 


•<•^^1 T T 0 
^-4- 


S/fd ///7c 


1 fP/oor 




5 ECTfO/S ELEVATIOM 

3 MOV/rNc 3 r £)A. 5 K£T^ ^ Erid^OACHMEMT/ 


rcs/rdtnmq circle 





}l 


Pnct AVne 

1- A/L //hes g'V/b^f J 

STANDARD COURT 


BASKETBALL* 


n "rionk 

Aonc/en. 



G2‘ 


BOCCIE COURT 


4A'ecfuoA porAs'C/h<yers ^ 

Ioq/t 7 A/jru /d" Screen, 




S'’GrayeA,r/orfa on 
cAn<yeT~> Sas^. 


Idea / Coar / 5 o' 

JVjej; 8^\SQ- 

f ^ £JemScS, 60 x 3 $' 

Min- Covr/ cA/mear/orys 60 x 3 $ ' 

Max. Courf cA/mensJo/ys Bd’xSO' 

Junior Af/yh SchooA 7 d'x 42 f 

COURT DIMENSIONS 


isol 


4 yo €' Curb hf. 
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Nef3(kep 
^3Z 'lone 
8* trorn 
A/oor M top 


3 o 
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<N 


multiple use area ^ 


- » 

^// CourAsAr/pes 
paAnAed oncA oil 
StoncAarc/s rnov- 

ob/a, Trea/r/jfh 

So/able wax for 

dancAnq. 


C/eorsc/for yor/oa^ 

Ih A'/tiAX^^ Zi7A^%^^zi'Z9y7‘'?z^ ’^socMo/ono;^^. 


. ;; z oa ro//erp/c,or/nQ, douore 6 Soc/o/ i 

^AdaPed Prom Arch, Graphic S/ds, hy 
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-4 WALL HAND5ALL CpUB^ 
I- 90' 


if wra 


r jv//* 


reco/rtrrf 
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4 


roc/n^ Orde 2ddi4> ^ 

0 O< 3 / ^ 


Oe-n'^r L -nc 


3 owOo<?/’y ~Zfne 
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Woo Jar 
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to 
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^5 




4 

s 


1 -> 


Vs 




vr 




y 

A 


270 /0 


CoO I pystj 
^ I Cfr>3S Bar JO‘ 

around 


iz' iQoaf 


Face off 


UJ 




^rom 

Orienrofton 


2CYD 4575 ^YD 20 to— 

rpOOTBALL FIELD 



For Yea iGr dirts 


« 

"i .j 

Mth- St^ ? /3r'K2Sii‘ 



syds. 


hockey F1E.LD* 


Coro^ Pksi^st^ffs 


^Toc^ Ifhe 


NO T£ : for mun/cipol ^ove 

fiefds - 3pec/o/ors 

not rnajon focron- 
Or/enf hotte/' to 

r face tJf or Sf» 


7/ 


■MKM J • Max. 

1 ^ 00 '' r:tn 




54 


Ori&ntqtion I 

)For Spectators, 

See Note at /eft /^ 

* A. c^yi' 


\ / 


/ 


/fl 


00 

o' N 

I 6 P Wcrr)(-n 




» 

/ 200 ' Mar 

“ 4^0 * AN ifl . 


a/f^ j4r4a 


^ Coa/ Area 
\jcxj/ l/ne. 

4 ■ 


/ 


<\o 




/ 




e^' 


i: \T -} * i^crrZTT/--/ 

^”‘7^ ^OCCEK FIELD* ^ 

^Adoi>t^ fram Arch. Crephie M/r.iy Ma^r^fX/eepCr (Appro 


^ac-k" Stop 


BASEBALL FIELD’’ 

frcn7 FS/twooW 



athlft 


JZO- 



FIELD 5 


Phutng f/e/d 
200 O- /V1,n,rnlm^ 


MEN 510 N 5 



5k.i/^/fed Area 


\ 


V 


Or/enfoA/oo. 

OS Sasoboff 

4 9€ 
d 

o/T>cn\ 


% 


NMING HICaH JJkd^MP 


Appror. /50 ■ 
for <eO D/Ot 

Apo/ox/eO' ^ 
for -45 DfOrrjond 

L3(?//ers Ajjt) 



£ 


D/SCUS - 4 *-/^ra<i 

Ha rn'mer - 3 -^"rad 


5hot Put 3V,Vtf< 




Crocks 

Lines 


3- 





zs 


S'd/a. 


3 


+ - d -5 


r 




fe 


»rs t. 

'or) 

• 9* 

•5- 





It' Pad. 

t 

Co fc hers &ox. 
'^ee Detoi!) 



SOFTBALL 
DIAATC 3 MD 

BElTAIL C5F 
CATCH£.K'5 frOX 


Oirov. 

' S'^op Soard 

shot put 


HAMMEiL Tfi-KOW 
DISCUS THROW 
& SHOT PUT 


La 


7 


4 .h 




toOO ts 


e.o'1^ 130’ 


^ 3ofk fine 


. — /S ’ • 
Upn^hiy 


'2*y, l4 


p/t^ 


i 







Sfake. / d/ar7je/er 
fo" obov^ ground 

hou/ L/ne 


POLE VAULT 


6 


Lf OllC^\'T"<^^ -dso 3o<jrty<r<] 
Z ^ >^ 6 oo' (/nbaar,^^d 

^ ^ -POLO 

r 

T ^ 

I Marker board, 

^ PIv&h uj/th ^r<x//d^ 

/T ’^2}Widt 
S 'Deep 

JAVELIM 

THROW 



6 /ram a fake 

fo j/oke // 
adpo//7(n^ 

P//af?er4 3 ox 


/.rp 

ddv/saS/e " 

but not 
Alondatory 

Fla(p/ng de.ghC 

fO 0'/y)/P/rT?i//V- 


HOR.;Er/HOE 


V 




Ptm 6 0 Max /fo" ' $ 
PeCOt rtrry^r xPd H ’ ' 

Melcl 4 htyh 

"ipjz,r 

T' f^rdffy Shcf ^ I 



~2XS 


4 



/Z * Pfeasurtncf C/h 


Boards y 


P/o. 


ifS 


^ L/ 7 /er-. 

■$'o 

"Zone Ifne 


PT S far f Mtr9 


Trade 


Pknady Shot ih 

[PXfaQ/y I Q 

Crease 3> 7^ 



'R.U H M I N G T Rj\c K ^^'Afrh.h)r>)s3 


i 



ice HOCKEY 


j 




■ — /, 000 Yerds * — — 

QOOYords 

^OQ Yards iX 

'-BOOVds. d^^fo^gered Su/fsr 

2 ooYds.~-d^ OUTDOOR. RIFLE RAl^GES 

5TA.GCERED BUTT TYPE orientation ; 5ca/^ ^ j 

Staggered buffs ore used an/u Pari f O'' general shooting 

tuhen terrain is found Suifad/a ^ Wesfu/ard /or morning shooting 

SMALL SORE. R A N GE 5 n C 1 euen^ ^ootdj 

So ^ fooYds; a/so SOMeters PISTOL -a/jd RIFLE R-ANGfl .5 


/, OOO Yards - 

SOOtards 

^00 Yards 




^OOYds. 

\< — 200 Yds. 



£>UTT-1N-LINE type 


*Ao/<^/o/ec/ y>orr, /lr,=/,/rffc/aro/ Gro/o/>/o S/o^<='o^o'.s 6 cf Po^s'eu f S/sffP^rf 


PISTOL RANGES 

•2^ o/so 

25 Meters. 


5-00 


drainage 


RUNOFF 



I \ 


/ /: 









\ ; i 


‘ 



\ .* 


^-< 1-1 7 






V 



4 - 


^k,^-MOL-R ftAlNFALL, in INCH£S. 
‘-xPECTeO ONCE IN 2 >EARS. 


FiG B- ' ONE-HOUR rainfall. IN '^C^ES, 
TO EXPECTED ONCE IN 10 YEARS. 


FIG C. - ONE-HOUR RAINFALL, IN INCHES, 

TO BE EXPECTED ONCE IN 50 YEARS. 





sI 




8 'J 

«. S 


^ .. f / ■ 


I X 'r 

^ '\r 

\ 


' * ^ I f 


M 




Vi 



tn-f 


t 
8 




m. 






» - a 


_ ^sP-hOLR RAINFALL, in inches, 
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FIG E - ONE-HOUR PAINFALL. IN INCHES. 

TO BE EXPECTED ONCE IN 25 YEARS. 


FIG F. - ONE-HOUR ^RAINFALL. IN INCHES. 
TO BE EXPECTED ONCE IN 100 YEARS. 
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7b find t ,- ... 

For Oiparfand ffod, >=« ^ w/?- 

y^c?/- Ditch floy^. 05 Sume trial Q=bc.fs^,cnhr 

Charf.F^ 5 - 05 /ind d/tch = D-J. V> f. iHperjtc. 

Ditch time =. ^ 
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FIG. J- VALUES OE 1 


FLOW TIME. 


rainfall INTENSITY-DURATION 


•Pep-odu-ed Erom M as c c H a r> e o u s PuD/icaf-ion A/a20d,C/5. ^ 

^ Aacptec^ rrom AFryg/neering Monucx/ oF hhe iVar Oap c^rFm ^ nF, July I'D ^aL. 
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D R Al NAG E 


5-01 


runoff-z 


CLogic^p_p_^^). 

mox/mcyn-, due^ fo 

A^^AfCa of ^ar/er3/T&c/ /n c^cras. ° ( i/^^c^//^ /0~2S^ears), 

f ^^°^^n^sdyofrl'nra/7Tn%^^lfitri^a"^^^ /nf/Jfrof/on, e/a.). 

Concen/rafton //me = //me regutted 7frrmn /o/f;77^7f <^or>cen /-ra/zor, //me. See pg. 5-00. 

DO/nf. Ct>nce/7/m//on Hme n l 7 

/VotY //me, Pg. S-04, S-05 , 3-27 ez>d 5-ZS F/g. /% Pg. 5-00^ and Cha/zneJ 

TABLE A-COMPUTATION FORM FOR RATIONAL FORMULA. 


location 


A 


STRcer FROM TO 


INCRE 

MBNT 


roTAd C 


TIME. OF 
FLOW, MIN. 


IN 

TO ^HAN 

INiniNEL 


design 


Q 

C.f 


CHAN- 
MEL StOPE 

OB, ft. 

PIPE 

SIZE 


CAPA- V 

CITY ff. 

FULL per 

c.f.6. Sec 


ENfil 

ff. 


yP5T 5T. A 


MAIN RD. 


L8 /. 6 .44 tG.S o.h 3,6 3.0 15’' .008 .015 4.6 3.9 


PROP! L E 

I INV. INV. 

TH FAi I 

ff UPPER LOWE P 

V' 

•T 
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I " I I ^ \2.0 \5.7\.50 \ I /■6|3.5|/0.0 

^Nole Ihal /he sequence of design as in 
<73scinnp//^ns In defermln/nq /. 

^ fer// /n man/y^Je.. 





Z .011 .030 l2.0 



6152 


1630 


Zl [^007|.0/3[//./ I 4.5 [445013.36 2.20 7AJo\l0.li 
e X o m pfe y F" Pg. 3'OO^InVo/ves /rla! 



TABLE B- VALUES OF c = 


R. ut^ 


3 U R. F A 



1 


\Concrefe or 4sph<^'/^. 

My/£MeNTS Al/amlnoas Maoad^/T 7 , open and dosed f 



from c/nlAon/n gF'o/n size, /70 fi/res, 

/o well graded^ some o/ag orsl/f. 
Ao^A/fg from sondg or g no^e Ilg fo 


VALUE. VAL.UB e»v 

T OTHBR. 

PROPOSED AUTHORITY 


M IN. M AST 


Q.^s 
I.OQ 
Q.<»0 
030 
O 30 



J.OO 



O.so 



0.<^5 


0.70 I 0.90 I O.70 


0-25 I o.To [ O.I& 


0.10 o.^o 


0.13 o. So I 0 - 0 1 



Bare 


LiQlftVeQe/afion | o./o ]o.ao\ oo i 
Dense Wegolal/on O-os o. lo o.^t 


0.5& 


oc^ne o-2o o.so 

f/Rhf feoe/a/IorT o.\Q d.4B 

Dense Vece/af/on o os o.%s 


frorn c/eon prove/ and prove/ Bone 0.25 o.G5 

sond /n /x/ures. zjo 9 /// or c/oy /o fy/ah L/ohf Veoeta/jo n ~o1b~ 


c/g^ on sl/f con/enf 

CAAYf from ooorse sond^ or s///p 

pure Co//oldo/ c/ags, 

CitPg bus/ness areas. 

C//</. dense resiefenf/o/ areas, vary os /o s 
St/burbon resfden/Io/ orsos, ■> 

Aaro/ DJsfn/cfs , 

ParRs, <fo/f CToanses, efc., ,, 


O.AO 


fA 


>fe< 


' /<? £>cin& Q. 30 0.75 o - 10 

l/cAf Veoe/o/Ion o- 2o ^.6o o ~)o 

Dense yhodo/Ion o-tS o, so o.io 

0.60 0.75 0.60 

/o Sol/ and Veom/at/on. O So o,65 0.50 

** H 0.55 "piss' 0.?5 

- ” 0.10 0.25 o.iO 

« M O.JO 0.55 0.05 


0.10 

O.7o 

0-70 

0-95 

o.co 

O.AO 

025 

O 25 


A/otS: [/a/oes of C ‘for eor/A strrFaces ore Pur/Z/er vor/ed Sy degree e/ sa/uro/lon 

compoo/ror, sorface /rrego/or//y ond s/ope, by aboroo/er of s^rbso//, ar^d ba 
presence of frasf or p/azGd snod on ice. ^ 

Q) Bryonf 4 Ruiehl/ng , Peport, Bock. Boy Se werage D/sfn/c/’g Bos/on , /SOB. 
®A/e/cra/f and Fddg , Arr/er/aan .Sewerage Proc/Iae . /S2 s\ fA’'- Gr&w - Hi/! 

® dsed by C/fg of 3os/on, reported bg Me/ca/f d Fddu. 

r7\ / A.. ^.c ^ 


@ Used bp Clip of De/no Jt repor/ed Bp /de/aa/F S fc/dp. 

® / . C7. C/r<^i//3ar/, C/V/Z £ng//->eer/r7tg //a/jdboo/e, J940'. M‘ 


Grd./v- Hi/I . 
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MC. MATH FORMULA 


i ri cqI a pproach) 


T\ 

= flanoff in c.f-s- 

A=^rca of yvcf^zrshecf/n (7cre^s>. 

F^AMPL ^ 6iven . AJ^a J2 ^ pc /•_,/ per lOOO. loc< 7 /tfy southern Ohio, 

hghf ''T^^bo Tah/e B-Pg.5-0L To fmd i.enhr%-D-P^SMM 

ZeZfy for or,o hour - L7S ; e n fer Tg. J Py S'OO o o 1.75 curvo or,d f,r,d 3.^ 

for 20 rr^in. duration. c 

.•. Q = 12x0.50 y 3.4 V?5/'2 - 20.4 1/3.1 

= 20.4 X 116 =23.7 c.fs. 

'^Recommended. 


(V^ = Table A behtp^) 


TABLE A-FIFTH ROOTS. 


.031 


ROOT 


ROOT 


ROOT 


ROOT 


ROOT 


.038 


. 046 


.055 


. 066 


.018 


.092 


101 


. 50 

.311 

,82 

.52 

.413 


.34 

.410 

.56 

.56 

.528 

.88 

. 58 

.590 

.90 

. 60 

.624 

.9! 

.62 

' 1 _ ' ^ 

.659 

.52 

r\ ^ 


1.2 2 I^OAXAs^^Xh- ^A 1 {•! i -H4l 

l3A_M^ 


14.2 /■ 70 


ZaTTa^ 


A72 


/. 6 / /■ 10. 


f.lj- 


ROOT 

32. 0\ 2.00 
J6.2 2.05 
4 0.8 2. 10 
AS.9 2.15 


/. 76 /• 12 


/■ 9 3 /. 14- 

/. 16 


/.46 


I /.16 


Id. 9 ~ 1.80 I 64.4_ ^L-1Q 


20 . 0 


125 . 66 


. 145 


2.49 


1.84. 


19.6 2.40 


.95 


TiTVKML-LM. 


.815 


.859 


222 


.904 


TtKAZM^ 


289 


I.OO 


.328 


I.tO 


.96 


> 74 /■56 


1.86 38 3 2.45 
7755 97.1 2.50 


^qTlX T^ 1.26 __9^ 

3,44 1.28 10.5 


24.8 1-90 




119. 


3.1! ~T30\7IZ ^MAZ 


1.94 


1.9 6 \ 143. 


2. 55 


2.65 


/■ &4 ■ - - - — , — , — 

7 4,6 1 30 . 4 \ 1.98 \ 151 ^ 


det e dmination of runoff (Q^ from si rPV FY of existing channel 


Highr^afe-r /eve! from observed 
marks or records. 


c7= cross 


i-fona/ 


ar^a of wai'et'V^^sy 


per ft. 


n= Coefficient of roughness 
existing surface, see Pg. 5 

p- wetted perimeter, measured 

Hydroa/ic radius. 

of dydrau/ia drod/enf ( iwater surfa 
for reach of channei through cross- section . 


of 

■26. 


) in feet 


F16. B- EXISTING SECTION AT51TE OF PROPOSED BR IDGE OR CULVE R- 

Determine Q by Manning or Ku tier Form u la, see Pg. 5-27. Pg .5-23. 


NAGF 


b-OJ 


RUNOFF 


TAL50 TS Fqrm mia - 

^ m ' , — vor rKOXir 


Approx iMATe AppRo^cH"> 


DRAINAGE AREA 


Acres 


4 

.7 

6, 

2 

7. 

8 

9. 

4 

12. 

1 

5 

15. 

6 

39. 

1 

78 


156 


312 


625 



moun- 

tainous 


■Assu_m e 

N 

i Lqq I 


VALUES OF "a 




HILLY LAND 


C = 

0.80 


rolling land 


FLAT LAND 


C = 

0.30 


5t/rvr^y5 and Plans, D/v^:s/on af didh^ous, 
C^C'/zrom/ct Dcjor gt Pub//c PVo/^Jhs, J33/. ^ 

A<Je9pf‘cc^ frorr} Urfuh<^rt^ T/k// Enp/nce'r/na ^<xn<Jt>ook , ^i//. 


drainage- DITCHES'COMMON 
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r 1 

V 

vv 


— 

/ 
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Tsod (min.) 


4 4 




4^'' loam (min) 


StGMElNTAL 




\ 


' < 


12 : ! 




H 


SODDED GUTTER 


9" stones (min.) 


> • > 


D-IA TRIANGULAR 

Unequal side slopes 


^ . 


' • ■ , •• 


' . < 




: 


♦ • 




K 1 


\ 


3" grave! bed (min) 

COBBLED GUTTER 


L2:i 


H 


0-lB BITUMINOUS GUTTER 


20' 


(4/ 




Tl' 


D-IC CURBED CROWNED STREET 




H 


' K' 


D-2,D-3, D-4,D-5 TRAPEZOIDAL 


W 


\ \ 


M 


D- 6 , D- 7 . D- 8 , 0 - 9 . D-IO, D-»\ 

ISOSCELES TRIANGULAR 

D-S D'lO and D-U- Airport ditches 


• 9 




• » 


Base required some os for concrete 

pavement 

CONCRETE G UTTER 

PROPERTIES OF DITCHES 


TABLE 


DU 


DU A 


DU6 


D-iC 


M&K>S10tsiS 


sto 


12.1 & 2: i 


12 : 13 , 2:1 


'/i to 1-0 


6 '^2 


0f 


a 


1-0 


D-2A\ 1/2-1 


3\ 2:1 


3-1 


iD-3A 


/ 


fl 2:1 


3:1 

0-4 A 1 

/ 


2-01 t-O 


7-0 


10-0" 


2-0" I'-O 


2 - 0 ' r-o 


3-0" / 


3-0 


3-0 

3-0 

3-0 


i 

0-541 I'/iU 


O 


/ 4-0 


/ 


0 


09 


/ 


2-0 

2-0 


1.84 


LI 5 


sue 0.356 


L64 


t.66 


5’01 \ 3.50 
e-o'' 4.00 


7.M\0. 


7. 06 0. 


0.502 


0.331 


10.38 ojei 


6 / 0 
47 O.S/S 


d'Ol s.g^ 

7.66 


9-^1 3^00 


S.32\0.60I 


0.29 


0.730 
0.7 2G 


0.712 


d.4j\0.937 


12- ^1 //.25 


2-0 


D-SA 


\dua 


/ 


/ 

/ 

/ 

/ 


3-0 


f'(T 


9-0 

fl-O 


/5-0 

/3-0 

/ 6-0 

22-0 


1 2.00 


14.00 


7/ 0-917 
12.49 0.90! 


to. 21 IU73 


ft 


I.J73 


16.00 15.65 A/gg 
25.50 14.61 UAL 

30.00 /7.42 1.721 


0.95! 


1.1/4 


I.II2 


t-O 
2-0 
2-0 
3 -or 


D- 


D-iO 


D-n 


0$ 


0_ 
12-0 
12-0 
ta-o 

/4-0 

26-0 


00 21.97 f 

2.00 4.47 0.447 


L097 

/ 

43 


/. 


3.00 &.32\0.475 


00 


0.609 

\0.92S 


0t 


o 


12.00 I2_, 

m oo t3.42]i.34l 


2 7.00 i S-^1 

7.00 
26.00 


00 


26 
42.43 


! 

6495 
0.990 
! 


I 

/ 


L 




























































DRAINAGE- DITCHES -COM MON .^ECTIOM<; 
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V 
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' '' Manning Forrnu'.a- Q=a ^ R^S'h w\r) n-- 0030 

l^->^on<iD-iB,s^hich are based on n^ 0 . 02 l hr ofner values of n 

'^iply discharge by ^ 2 ^6^ indicates a vetocdy of 2 ft per sec 

Given- Slope^3 3' per moi d/scharge^e.ic.fs n--.025 

^uir^’Size of difch and velocity. Solufjgp - louse 
multiply discharge^ 6. 3, by 5 . „ 

— satisfyjng given conditions ties betv/eei 

D-2A and D-68. Select larger 

^ the two ditches, m this case 

\ Velocity^Qpprox 1 . 8 ' per 

— sec. 
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Q 5 

Z 6 
0 - 
o I 

^ »J 

e 

DC 10 
lU 

a ; 

h J 
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100 








o. 


o. 










■^4 


4 '^<< 


oT 






a 5 


05 


- 5q 

- 

-0 
— 7 U 

■flUJ 

-®(n 

j? ' H 

uJ 

Ui 

u. 

20 y 

(0 

D 

^ U 

30 2 


_ VD 

50 ^ 

- < 

60l 

^°«n 




1^2^'yy 






lailsaaH 




200 








30 




8 S S SB 

• • • X • 


o o o O o o 

f • # 


SLOPE IN FEET PER FOOT 


*5ee >5a^e 5-^4 
for ditch types 




TABLE A - SUBDRAIN DEPTH AND SPACING^ 
FOR CONTROLLING GROUND WATER LEVEL. 


TABLE & ' 5 UbSURFACE RUNOFF.^* 


percentage of 

EACH CUAB?> OF SO'L. 


SOIL 


SAFJ O 




50-100 


SILT 


0^70 


CLAY 


lOEPTH OF 

bottom 

OF DRAIN 
IM 

FEET 


o-?o 


Distance 

between 

SOBDRMN5 
IN 

FEET 

/50-300 

100-150 


Me^^l A.NNU^L*^ 
precipitat\on 
(iMCHES) 

30 of^ L^SS 


SUB SUR 


E RUNOFF 


inches per oay 

PER SR* FOOT 


0.7S 


0. OIOS 


30 ’40 


0-53 




T' ” ^ 

\^and\^ loom j 


50-60 


Locrn 


30-50 


SiiT Looim 


o-so 


^c^du Loisn^SO " SO 


Clou Loam 


70’ SO 


0-50] 0-20 


30-50 0-20 


SO-lOO] 0-20 


0-30 20-30 


< 755 ;- / SO 
85- too 


40-50 


0.50 


0.0710 


70-50 70-30 


SS-/00 
13-65 


SO OR MORE 


0.13 


0.0315 


15-85 

05-15 


05 -IS 
3S- OS 


35-05 

45-3S 


day Loam 0-30 


Soncu Clay 50-10 


Sd^y Cloy 
C’ a u 


0-20 


0-50 


SO-SO 70-30 
0-20 30-50 


50-10 30-50 


0-50 30-100 


45-55 
40- 4S 

40-45 

35-4.0 


35-4-0 

30-35 


30-35 

25-30 


* ■ 

¥r From Firoori Drolrtage^ by Frmco Mernahonai Corp. 

data fo be considered rouyh opprotimahor^s onfy^ 


^^3asod on Eny. Manual., U S. Corps of Engrs. 

See Fig. F 0-02. 

EXAMPLE:- Given-- Freo in cenimol Ohjo^^^ 
Fig. Cfe^hefooj, Sandy foam^ SOOfi. xl200ff, 

to be subdroined by sysi-em of parallel 
laterals discharging info one submam. 
Required: Depfh and spacing of faierafs 
and discharge from submajn ~ Q. . 

Read in Tab. /?, oi fefi for Sandy loam 

minimum depfh *3 feef^ spocmg - fOOfr. 
Ffg^fl^ Pg.G-OZ find mean annual preciptfahon 

= 37.5’,' enfer Tab. 5., above wifh 31.5 inches 
mean annua! precipifafton ; read 
subsurface runoff = 0.0t4’l c.f-S- 

Therefore 43,560 0.5 CA.y 

For s/3<? of Drains see Page S-24. 
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Ora/rjage Prac^f/ce , Armao Dr^ 1 n^ge Products 4s5oc 
For addihono! data on Subdramage , see section on "Soils'" pgj -01 fo pg. 3 - 25 
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section beiouj iS foot depth. 

Standard frame and Cover 


2‘-0 




r 




5/ope ^4 
"per foot 




V. 








1 








r 


1 








SECTION THROUGH SECTION THROUGH 

TYP1C^L M^NH0LE. MANHOLE 
F0fl8“T0 48"DlA.PIPt. FOR 54‘’&60'*D1A.P1PE 


r 

c 


Masonry 
_ Dam ~ 


* 

s\ ■ ' 


t . *• 


■m 


S '- 

\lf 


• - K 


V .4 ' -V V ; v - rL 


1 


SECTION THROUGH 

TYPICAL DROP MANHOLE 


r 




1 



U-E 

SECTION through 

4-0\3'-O’' MANHOLE ON 
3'-£“x 2'-4"H’ 0x2-8'’ 
EGG SHAPED 5EWER. 




DOS 

SDdSDQ 

CDSODS 


pu;»<is 


22 ^ 



32 




44 ''z 


9 ''2 


E 


SECTION 


3 

C 

D 

32 4 

8 

20 

3G 

8 

24 

42 

8 

30 

48 

8 

3G 

S4 

a 

42 

&0 

8 

43 


TYPICAL MANHOLE HEAD 


COVER. 


SECTION E-E 
































N \ 




Ca'^ch Basin 


\ 


\ 


X 




,2- yit 


oooaai 
tUDDDO' 

fOODQ 


Curb InJet "A " 

J 


L-. 


\ 


/ 


I 


'P 


^oadt^qL^ / / 

■ 3 -s I I I 

r-'Jw-V 


lO 






!2 ^ 
Pipe 




r 


f • X r ^ - ♦ 






L ^ 


CONCRETE 


A- 


PLAN 




( i 


L 




Curb fine 


• • i. 

♦ 


/2" 


J • 




0- 


• % ‘ 




rr^M • *' *«> 








y:-. 


section 


SECTION B B 


DETAILS 

Top of curb-'l 


CUR6 INI LET 


Curb //ne^ 


• * .♦ 


« f 




/2 




k • >■' 


^71 


T< 


y-1 


77^ 


a- I 
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SECTION L-E 
INLET 


NOTE;- /niet to be constructed of 
brick or concrete io fhe df/rensions 
and of the shape shocun.and to 
be SfT^ooth/y ptasfered bofh 
inside and outside ujith a /oyer of 
cemen f morfar /z inch thick - 

The interior of the inief ts 
to be 5 /oped docuncuards from 
a/i sides towards the outlet 

/Vherever possible' cu/yert 
connec tion shall be laid In a 

G inch concrete crod/e, and 

sufficient concrete p/aced 
under InJet to provide a maximum 

thickness of ^inches- 

Depth of in/et is dependent 
upon size of pipe and required 
coyer oyer pipe. 

for area of In/et openings 

use formula on page S' 17. 

The required strength of 

casting to be determinea from 

page 5 ' 13 ^ 

Sump Type catch basins to 
be used oniy ujhere labor is ^ 

ayailoblefor frequent cleaning 
and where stagnant cuater is not 
objectionable. They may be required 
where f/at grades would cuuse 
si/fing up of drainage system. 
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DRAINAGE & SEWERAGE- DETAILS OF INLET COVERS 
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PART PLAN SHOWING 
CURVED CASTING. 

NOTE: To determine 
the capacity of this 
type casting, add'd 
of side opening to 
do f grate opening. 


TYPICAL CURB INLET OR 
CATCH BASIN CASTING. 
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'top of 


inlet beh lui norma 
str'eet gnade) 



0 0,5 1.0 1.5 2,0 2.5 

Quanfitg of iVater in Cu. Ft per 5ec, 

Data for an infet 4-6‘’long and C'high uuith ujoter 
just lapping past for other jize openings the 
capacities ore approximately in proportion, 

FIG. A- RELATION BETWEEN 
STREET GRADES Q^ SIDE INLET 

CAPACITY FOR VARIOUS DEPTHS 

OF DEPRESSION? 
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CIRCULAR INLET OR 
MANHOLE CASTING. 


FORMULA FOR DETERMINING THE 
AREA OF INLET GRATING OPENINGS. 


<3 = c /1 



X factor for dogging. ((Tse ^/s) 


Where •• Q 
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- Giuanfity of runoff reaching inlef in cubic feef per 
z Orifice coefficient: 0-6 for openings ^^'ith sguO’-e eo 
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Nei area in square ft. 

32.2 

hUoLuabie head on inlet in feet 


sgua.-e t 
rounded 


from M un icipe^i (^County Enymcer/ny iO/^ yo/57 p^ye f^7 , 





I 


c 






- ' 







L 

\ 

s 




<D 





dof'^ed cup 

B 



H 


4 

# 




% 

L 



s 





plan of top 


J 


dyd 2‘ c^ 

^ • • L 

rc 


P 

t 

5“;_ 

V 

% 

■ » 

t'- . ■ 

2 C 

1 

1 

1 

1 

■' s' 

* • ^ 

« 

>A 


— f 

V* «• T ** In 


plan of top 










. • \ 




'■. • . x -' ■• _■ 

.y-\x- ‘\y. \Z.' 


SECTION C-C 


SECTION 5-R 


WCXDD 


CONC. INLET GRATING 

>/c?7'£.- Co^f’rs desjdned -for JOp.s i. 
X cf^ap^-fer TOC 
U7 p .TT ' 

i* - 5~ ^ 


;rTV 


on end segmeni- only 



2‘^7k‘ 



r 






‘O 


N, 



/S 



SECTION 0-0 

)ETAIL or SEGMENT OF PDECAST 
CONCRETE INLET GRATING 




DETAIL OF SEGMENT 
OF WOOD INLET GRATING 


CONCRETE AND WOOD INLET GRATINGS. 
FABLE A -DESIGN DATA 


yi^OOd f^onhoJp Cover 




PLAN OF TOP 

4 ‘- 9 ‘' 




h 


i m / ^ 






XL 


ZItO. 


it 


• ^ 


tn 


*■- •. 


f .5": 9-^2." Min 



Hi 



-t: •• 


• t 


* * r,** 

'Vv-vK:/' 


.r ^ ' 


. ^ * r « 

^ ‘Hk • • . * 
• • T' . 

• • f • 




SECTION ^•^ 

TYP\CA\- MANHOLE 
VJITH WOOD COVER. 







rv-' .• • ,•»! 


i • • 


5ECTIOM 


Sc WOOD 


grating^ 


UMBER. 
r BARE 


CONCR-LTE 


WATERWftY 


OPENING (sq.rTj 


DISCHARGE 

Cu.fT./SE.C. 


LENGTH OF GRATE 

ASSEMBLY I'NiNCHtsI 


WOOD 


WATERWAY 
OPENING iSa.FT.) 


discharge 

Cu.Ft./Sec. 


length of grate 

ASSENBLY(iNiNCxts^ 



DRAINAGE & SEWERAGE- MANHOLE & CATCH BASIN COVERS 


DATA FOR CHECKING STRENGTH OF STOCK COVERS 
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Sx AND 5 y,F0RX-X AND Y-YAXE5 



^ 5iZE 5UPPOR.T HEAVY LOADING LIGHT LOADING 
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135 sc^ in. loaded area- 
impact -^25%. 

Light Loading : 7,000 Ib. ujneei food- 

GO Ib./ sq-in. tire pressure 
1/7 sq ln. loaded area- 

impact f 25 tS. 

/Jssumed tensile stress for Ca 5 '^ Iron = 3 , 000 h- sq.In. 
Required Section Modulus for net dectfon 
equals fatal culdth of cover minus holes, fanq. 
Required Section Modu! i for other ioaas are 
approximately proportional 
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PIPE DATA-2 
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■r^P,! F A- required ultimate STRENGTH, LBS. PER LIN. FT., 

OF PIPE far VARIOUS DEPTHS UNDER H-20 HIGHWAY LOAOINC^ 


B E D D 1 N G CONDITIONS 


P£PTH 

OF 

COVBR 

OVPP 

PIPE 


/ M PEPMI3S/A LF 1 "F 

p = o.o 



p=a.7 




p=0.7 I p^O.O 


7.S.O' 

fHtO. 



A _ //7/ s/rope</ 1 

ifeen onf^^ped. 


^ Min : 

/o 



\Th 0 raiJ 9 
7J3 ^ < 


0.0 


p^O.7 


0.6 D 



3D' 


Mint 


2^30 0 


2060 O 

!3 30 O 
: '7 60 0 
: 3 20 D 


90 0 0 
20 502 

00 D 


2^90 O 
2190 0 
20^0 0 
1160 D 
2 220 O 
2380 D 


a ncf tom^ 
22800 
! adOD 
J580D 


I390D 
/38 0 O 
1390 0 


10 


2 3 50 0 
2 350 O 
30 2 0 O 


2 5 500 

30300 

3240 Q 

3 160 D 
4340 D 


1460 0 


f{2 

2320 D 
} 3 000 

ISJO D 

j64 O D 
160 0^ 
1660 D 

/ 740 0 





(530 D 
/ 6 10 



! 110 D 
200 0 D 


333 0 0 


3 '(SO J 


413 0 0 


50(00 
51 QOD 

6300 D 


22 JO o 

24 70 D 


2700 D 


1990 D 

2130 D 


2 250 0 
17 70 D 
i 5 00 D 
! 2 90D 

I 2 60 0 
1240 D 
! 290 D 


2260 D 
J 820 0 
1560 0 

14-80 D 

1 4.4-0 D 
1450 0 
J 5 J 0 D 


2J90 D 

1700 0 


2000 


21900 

16900 


13 40 D 


1400 O 


24 30 O 
2330 O 
3 17 OP 

3 6 50 0 


3970 D 


I 520 D 
n JO D 


1720 0 
t 820 0 
2040 O 
23600 


1400 D 

J 160 0 

HOOD 
1070 0 
1090 O 

moo 


1400 0 

1240 D 
/ J 60 D 
11400 


1160 D 

1290 0 


1/50 O 
1210 D 
1350 O 


18900 

2100 D 


26500 
3030 0 
3400 0 


1500 0 


1320 0 
1450 D 
1660 O 

I860 0 


16400 2090D 

2 2 900 I 34000 | 179.00 227 0 D 

D= inside diameter in feet 


Fa cfepfh greater th<yn 20 ft, use Table B belo^. 

EXAMPLE: ZA"*t>!PP. depth 

TABLE B-MAX. HEIGHT IN FE ET OF FI LL OVER PI PE (NO LIVE LOAD). 



tMP/rf!MISS/BLE 

,'JOTESFOR TABLES A dt B:-Jn rocK excavanoas un tru, ,,, 

bedding ORDINARY B FIRST CLASS beddings require earth cushions of 'll ^rom O 3 to 
The values shoYvn in the columns headed p^O.7 t>e used for projection l^o^ism- 

stalled in a french dug to a depth of least equal to the outside diameter ^ 

There IS a difference of opinion m regard to the practicability of dishing the be 

coliQd for uoc(€F ordinary and first c(o5S conditions. 

From Amoricon Hig(iway Practice by LourGnce (. Pev^es. 
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DRAI^1^&E & SEWERAGE - BASES OF DESIGN! 


DETERMINATION OF SEWAGE FLOW BASED ON RULES & REGULATIONS 
OF NEW YORK STATE DEPARTMENT OF HEALTH 1940 


5^S15 OF DESIGN 


iOSO years from i-ime of cons^rucf'on of sys'f'em. 
100 got/ons per capi'fo per day. 


ITEM 


Fuf'ure Popufa^ion 


ft verage Doily Flo to 


Loferois & Submoins F/otviryg Full 400 gallons per cop/la per day. 
Mains., Trunks and OaHhl/s floujiny fuff\ 2BO go f Ions per copila per day. 


tnduslriol Planf Wasies 


Mininoum Slope of Pipe 


M aximum Ve lacilies 


Manhole Spacing 


ftdd addilional al/otuonce depending on process. 

Su ff fCfenl fo give mean velocily of 2 feel per 
second when pipe is ffocuing fuU or half fuU. 


Common Brtch C ft per sec., Concrele 8 fps^ 
Vitrf fied pipe /5 f p. 5 ., l/itnfied brick ZO f p.s. 


Pt oU changes of g radey alignment and s'lT^e of pipe 
Not more than 300 foof intervals. 


Minimum Sig^e of Street Sewers 8 inches diameter . 


Inverted Siphons 'Minimum Pipe 5i2,e 6 inches diameter 


Inverted Siphons - Minimum Mo. of Pipe 



Inverted Siphons- Minimum Velocity 3 ft. per sec. for sep. systems- 5 ft. per sec. for combined systems 


Pumping Stations- Min. No. of Pumps 3 in main plants and 2 in small stations. 


Pumping Stations - Motive Power 


Rvo liable frorn at least 2 independent sources. 


Pumping Stations- Suction 8 Oiscborge Minimum sig^e 4 inches diameter. 


Metcalf and Eddy suggest an affoujance tor infiltration into the sewerage system of lOOO to 
2000 gallons per acre per day when ground water is encountered above the sewer line. 


SUGGESTED FORM FOR SANITARY SEWER DESIGN COMPUTATIONS* 


SANITARY COMPUTATIONS 


Computed by:_ 
Checked by:_ 
Date: 


Location 


O.Old 

Density of Popufotion - 30 /acre. 

Sheei of 


SEWER 

LOCATION 

TRIBUTARY 

ARE^ (ACRES) 

1 

Street 

From 

man- 

hole 

No, 

To 

man- 

hole 

No. 

Incre- 

ment 

Total 

(!) 

C?) 

C2) 

(^) 

C5) 

Third 

to 

II 

43.3 

43.3 

Third 

II 

12 

/4,? 

£ 1.5 

Chestnut 

12 

13 

to.o 

& 1.5 


DESIGN 


PROFI LE 


Ra te Capacif 

per Total Total Diem. Slope when 
acre.^ m.g.d. c.f.S. inches ft/ ft. full 
g.p.d ' c. f. s. 


W (1) 


(&) 



c.f.S. 


(fo) (ti) 


Vel 

when length Fall 
full feet feet 
fp.s. 


(f2) f/3) (M) 


Other Invert Invert 
tosses elev. etev. 

feet upper lower 

end end 

(l5)f!C.) 17/ 7 j 



0.52 O.&O (0 .0045 IJ? 7.2 325 l.dG 0.00 ^S.33\35.dl 





O.at) l.Ol to .0087 /.GO 2.8 H-OO 2.28 0-08 OT^.IJ.OO.S! 




0.6! 1.75 12 



2.2 350 





S 


"Ik Pdapted from Da^viSj l-ls>.ndbooh of Applied llydr^^u f/cs^ (^raw - U///. 



































































discharge in cubic feet per second 


5-24 


drainage i 5 EWE RAGE 


m 


PIPE CAPACITIES- 1 


s. 

9. 

10 


2C 


30 . 


40. 

50 

60 . 

70 

80. 

90. 

lOO. 


200 . 


300 


400 


500 


n = . 0/5 

For examples showing use 

charf see page 5-25. 


of 




i??. 









X 

I 


.< 0 . 








/ 






laaeii 






/ 


mm 


/,y / 

-y /y 

/ f / 


xa 




V 




/A 


£x 


inlSBElMiBBiSIB 




Exam 


A'' 











/ 







O'- rv 


a: 




o 8 8 o o 
• ^ • • • 


lA vS 
O O 


(C oO (SS 

o o o 


SLOPE IN FEET PER FOOT 


"^Adapted from Qohi Culyerf Manufactptr'mg Corp. 
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DRAINAGE & SEWERAGE - PIPE CAPAC1TIE5-2 


EXAMPLES SMOWINQ USE OF CHART 


-24 


Capacities and velocities in charf page 5-Z4 are for 71- 0.015. For other 

values of n, given on page S-ZCtrnuliipIg charted values bg 



J/ope - S 


^ree d/s^harg^. 




Dash lines to left of 0-0 fine give values when wafer 
is level with top of pipe at entrance. Velocifg of 
approach and entrance loss neglected. 
example /. - Given Q- 25 c fs. ; 5’= 0-004 ; n-0. 015. 

Required; D and V. 

Solution : Enter Charf at 25 cfs . ; read D-50" 
at 5= 0.004, and V- 4.4 ft. / Sec. 


Case 2. 

Solid D lines give values bg Manning Formulaisee 
page S-27) for pipe flowing full. In fhis case J= -slope 

ofhgdrauHc gradient. Minor losses neglected. 

"WJ: Example 2. • Given; Q,= 70 c.fs. H- 4 fi ; L- 500 ff. i. 5 -- 1 - 0.008 

Required; D and V. 

Solution: Enter Chart at 10 c.fs. intersect. 
5-0.008. Read 0=42" (nearest adequate size). 
Y'7.5 Ft! Sec. 


5/ ope ■ 5 




Free discharge 


Notation : 


Case 3. 

Dash lines to right of 0-0 line indicate limits of 
capacities with inlets submerged to depths shown, 
from orifice formula Q. - axO.OZ'^zgh 
Example 3 .~ Given ; Q= 40 c. fs. ; 5^ 0.018. 

Required: D with a bach up M no t more 
than 3 ft 

Solution; Enter Chart at 4C> c fs. intersect. 
5--0.0I8 - Read D ^30" {H= 2.5 ft.]. 


a 

1 / 

5 

H 

D 

L 


9 ‘- 


Discharge in cubic feet per second. 
Velocity of flow in feet per second. 
Slope or hydraulic gradient 
Hydraulic head. 

Diameter of pipe. 

Length of pipe. 

Coefficient of roughness, 
fee eieration o f gravity - 32./ C. 



table A-VALUE5 OF n.To BE used with kutter or mannins formulas. 


su R FACE. 


CON401T1C5N 


• • 


UncoBled cast-iron pipe 

Coatetl cast-iron pipe 

Commercial wrought-iron pipe, black.. 

Commercial wrought-iron pipe, galvani 

Smooth brass and glass pipe 

Smooth lockbar and welded OD pi|>e. . 

Riveted and spiral steel pipe 

Vitrified sewer pipe 

Common clay drainage tile 

dialed brickwork 

Brick in cement mortar, brick sewers. 

Neal cement surfaces 

Cement-mortar surfaces 

Concrete pipe 

Wood-slave pii^e 
Plank flumes: 

Planed 

Unplaned 

With battens 

Concrete-lined channels. 

Cement-rubble surface 

Dry rubble surface 

Dressed ashlar surface 

mirircular metal flumes, smooth, 
niuirt ular metal flumes, corrugated 
Canals and ditches: 

P^arth. straight and uniform 

Hock cuts, smooth and uniform 
Rock cuts, jagged and irregular 
Winding sluggish canals 

Dredged earth channels 

C’anals with rough stony beds, weeds on earth banks 

Earth bottom, rubble aides 

Natural stream rliannels: 

1. Clean, straight bank, (nil stage, no rift, or deep 

pools 

Same as (1). but some weeds and stones 

Winding, some pools and shoals, clean 

Same as (3). lower stages, more ineffective slope 

and sections 

Same as (3), some weeds and stones 

Same as (4). atony sections 

Sluggish river reaches, rather weedy or with very 

deep pools 

Very weedy reaches 

-Vc kV Cff m er?/ - As bG-S , usg O. 0/0. 


BEST 

GOOD 

FAl R 1 

5A.D 

0.012 

0.013 

0.014 

0.015 

O.Oll 

0.01‘2* 

0.013* 


0.012 

0.013 

0.014 

0.015 

0.013 

O.OU 

0.015 

0.017 

0.000 

0.010 

0.011 

0.013 

O.OlO 

0,011* 

0.013* 


0.013 

0.015* 

0.017* 


fO.OlOl 1 

0.013* 

0.015 

0.017 

lO.Oll) 


1 


0.011 

0.012* 

0.014* 

0.017 

0.011 

0.012 

0.013* 

0.015 

0.012 

0.013 

0.015* 

0.017 

O.OlO 

0.011 

0.012 

0.013 

O.Oll 

0.012 

0.013* 

0.016 

0.012 

0.013 

0.015* 

Q.016 

0.010 

O.Oll 

0.012 

0.U13 

0.010 

0.012* 

0.013 

0.014 

0.011 

0.013* 

0.014 

0.015 

0.012 

0.015* 

O.OIG 


0.012 

0.014* 

0.016* 

0.018 

0.017 

0.020 

0.025 

0.030 

0.025 

0.030 

0.033 

0.035 

0.013 

0.014 

0.015 

0.017 

0.011 

0.012 

0.013 

0.015 

0.0225 

0.025 

0.0275 

0.030 

0.017 

0.020 

0.0225* 

0.025 

0.025 

0.030 

0.033* 

0.035 

0.035 

0.040 

0.045 


0.0225 

0,025* 

0.0275 

0.030 

0.025 

0.027fV^ 

0.030 

0.033 

0.025 

0.030 

0.035* 

0.040 

0.028 

0.0301 

0 , 033* 

0.035 

0.025 

0.0275 

0.030 

0.033 

0.030 

0.033 

0.035 

0.040 

0 . 033 

0.035 

0.040 

0.045 

0.040 

0.045 

0.050 

0.055 

0.035 

0.040 

0.045 

0.060 

0.045 

0.050 

0.055 

0.060 

0.050 

0.060 

0.070 

0.080 

0.075 

0.100 

0.125 

0.150 


^ i^C/ZoG^ corrt nn o n I y c/SG.c/ /rj 

Adapted from Hand boo ft of Applied Hydraa/Zcs C- 


y/iSt Tobte corrtpfZe d hy /?-£• Horfon 
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HYDRAULIC COMPUTATION -2 




X 64 


MANNING FORMULA 

For vofues of n ses Tob/e. A, page 5-7C>. 


FLOW IN PIPES 

OR CHA^MNELS 


a- ^ 5^ MANNING FORMULA 

~~ri * /? % X 64 For values of n ses Tob/e. A, page 5-7C,. 

EXAM PL E : Qiven^ extsf/ng woherway H/usira-hed in F/'g. A, page s-3/ ^ assuming 
fairly sl-raighi- banks wiih some and slones^ a= 50 sq. f!., p~3Sfl.^ 

5= 0‘00f2. Required- d and V. 

SOLUTION • n=0,03S from Tab/e. A, page = ^. 37 , ph . /. 777 Table A , 

5'4 “ O.034-(o^ from Table 3 belocu. 

Therefore:- a= 50x xf.777 K 0,0 3dG4- ?5S c.f,s. 

y~ feef- per second. 


Therefo 


a = 

V-- 


50 X 
235 
SO 


33 


XT A 777 X o , 0 3 dGd 


?5S c.fs. 


TABLE A -VAllI E 


OF R^. 


TABLE 5 - VALUES OF 



.02 .03 .04 ,05 .06 .07 .08 .09 


---0 -w.i ...2 ---3 ..-5 ..-6 


- - -« 


1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 
2 6 

2.7 

2.8 

2.9 

3.0 

3.1 

3.2 

3.3 

3 4 

3.5 

3.6 

3.7 

3.8 

3.9 

4.0 

4.1 

4.2 

4.3 

4.4 

4 5 
4 6 
4 7 
4 8 
4 9 


.000 

,215 

.342 

.448 

,543 

.630 

.711 

.788 

.862 

.932 


.046 

.229 

.353 

,458 

.552 

.638 

.719 

.796 

.869 

.939 


,074 

.243 

.364 

408 

.501 

047 

,727 

.803 

.876 

,940 


.097 

.256 

.375 

.477 

.570 

-655 

.735 

-811 

.883 

.953 


117 

269 

386 

487, 

578 

663 

743 

818 

890 

960 


136 .153 170 

.282 .295 .307 
,397 407 418 

.4971 .506 .515 
.587 ,590 .604 

.671 .079 ,687 

.750 .758 .765 
.825 .832 840 

.897 .904 911 

-966 .97:1 080 


186 

319 

428 

5251 

613 

695 

.773 

.847 

.918 

.987 


201 

331 

438 

.534 

622 

-703 

.781 

.855 

925 

.993 


I .000 1 .007 1 013,1 .020 1 
1.0G5 1.072 1.078 1.085 1 
1 . 129 1 .136 1 . 142 1 . 148 1 
1.191 1 . 197 1 .203 1 .209 1 
1.251 1. 25711. 263il, 209 1 


1 -310 1 .310 1 ,322il 328!1 
1 .368 1 .374.1 .379 1 .385,1 
1 .424 1 .430 1.436 1 .441 1 
1.480 1 .48511 .40 M .496 1 
1.534 1.539 1.545,1.550,1 


027 1 033 1.040 1 046 1 053 1 069 
091 I 097!i . 10411 110 1.117 1 123 
154 1 . 160 1 , 167 1. 173 1 .179 1.185 
215 1.221 1.227 1.233 1 ,23911 .245 
275 1.281 1.287 1.293 1.209 1.306 

334 1 .339 1 .345 1 .351 1.357 1 362 
301 I .396 1 .40211 ,408 1.413 1 .419 
447 1 .452 1 458 1 403 1 409' 1 .474 
o02'l .507 I .513 1 .518 1 523 1 529 
55611 .561 1 .506 1.571 1 .577.1 .582 


1.587 1.593 1 SOs'l .603 1 .608 1 .Gl3|l .619 1.624 1 .62o!l .634 
1 .039 1 .645 1 .G.'.O 1 65.5:1,600 1 OOoil 671 I 676 1 681 1.686 
1.691 1.697 1.702 1 .707 1 .712 1 .717,1 .722 1.727 1.732 1 .737 
1.742 l.747,1.7v52 1.75T 1,762 1.767 1 772 1.777 1.7H2.1 787 
1.79211.797 1,802; 1.807. 1.8 12' 1.817 1.822 1,827 1.832 1 837 


1 84211,847 1 S,52 1 .857 1 .802 I 867 1 871 1.876 l .88l'l 886 

I .89l|l ,890 1 .OOO'l .005'1 .910 1 .015 1.920 1 925 I 929 1 .934 

1,939 1.944 I 049 I .953i 1 .958| 1 , 963 1 .908,1 .972 1.977 1 .982 

I .087.1 .992M ,006 2 .00 1 2 .006,2 . 010'2 . 01 5l2 . 020 2 . 024 ,2 .029 

2.034 ,2. 038p.043i2. 048:2. 052 2.057,2.062,2,060 2.07112.075 


2 OKO|2,085 2,OS9 2 .004 2 .009 2. 103 2 . 108'2 , 112 2 . 1 17 2 122 
2. 120'2. 131 2. 135'2. 140'2. 144 2.149 2,153 2 158,2. 16312. 107 
2. 172;2. 170 2, 180 2, 185'2.100 2. 101 2.100 2 . 203 2 208,2 212 
2,217 2.221,2,226 2.230 2.234 2.239 2 . 243 2 , 24K 2 .25212 .257 
2.261 2,265 2.270 2.274 2 . 279 2. 283,2 .28.'i 2.292 2.296:2.301 

I I I I 1 I 

'2 305 2 310 2 314 2.318 2.323 2 327,2.331 2,336 2 340'2 345 
'2.349'2,353 2.358 2,362'2.366 2 . 37 1,2. 375 2 379i2 384 2 388 
2,392 2.397|2.401 2 405 2.400,2.414 2.418 2.422'2.427 2 431 
2.435 2 439'2 444 2.448*2.452 2 457 2.401 2 465 2 169 2 474 
2.47S 2.4S2i2.486 2.490,2.495 2.499,2.503 2 50712 51 ll2. 516 


2.520 
2 . 562 
2. 003 
2 614 
2 . 085 

2 726 
2 766 
2.806 
2 84«. 
2 . 885 


2. 52 4 12 
2 .■.66'2 
2 667 2 
2 64 8 2 
2 , lisO 2 

I 

2 . 730 2 
2 770 2 
2.810 2 
2.S.50;2 
2. 889. 2 


. 528 2 
570 2 
.611 2 
6.53 2 
.093 2 


.532 2. 537 2 
.574 2.. 570 2 
.616 2. 020 2 
.657 2 661,2 
.698 2.702 2 


734 2 
774 2 
811 2 
, 854 2 
.893 2 


.738:2.742 2 
77K 2.782 2 
,81S:2 S22|2 
.858:2 862 2 
.89712.001,2 


541 2 
.•)«.3 2 
024 2 
665 2 
700 2 

i 

746 2 
786 2 
826 2 
86.5 2 
904 2 


545 2 
587 2 
.628 2 
069 2 
710 2 

750*2 
790 2 
830 2 
.869,2 
OOk'2 


549 2 553 
.591 2.595; 
.032 2 636' 
.673 2 677 
.714 2.718 

. 7.54 2 . 758 
.794:2 798 
.834 12.838 
873*2 877 
.9I2l2 910 


2 558 
2.599 
2 640 
2 681 
2 722 

2 702 
2 802 
2 842 
2 881 
2 920 


00001 

00002 

.00003 

.00004' 

.00003 

.00006 

.00007 

.00008 

000091 

.00010 

0001 

.0002 

.0003 

.0004 

.0005 

.0006 

.0007 

.0008 

.0009 

.0010 

.001 

.002 

.003 

.004 

.005 

006 

.007 

008 

.009 

.010 


003162 

004472 

005477 

006325 

007071 

007746 

008367 

008944 

009487, 

OlOOOO 

.01000 

.01414 

,01732 

,02000 

.02236 

.02449 

02646 

02828 

03000 

03162 

03162 

04472 

05477 

06326 

07071 

07746 

08367 

08944 

09487 

10000 

1000 

1414 

1732 

2000 

2236 

2449 

2646 

2828 

3000 

3162 


003317 .0034641 
004583 .0046901 
005568 .005657' 
006403 .0064811 
007141 .00:2111 

i 

007810 .0078741 
008426 .008485. 
009000 009055' 
009539 ,0095921 
010050|. 010100; 


0036061.0037421,0038731 .004000, ,004123 
0047961.0048991.005000 . 006099 . 005196 
00.5745 .005831 .005916 .UOflOOO ,006083 
006557 .006633' . 006708 . 006782 L 006856 
007280 . 007348, .007410 .00:4s3. ,007550 


.004243 004359 
.005292 005385 
,006164 006245 
,0069'28. 0070<.>0 
.007616 .007681 


007937 . 008000 . 008062 . 008 1 24 ' 008 1 85 ! 
0OS544 . 00818)2 i 00.8000 .OU^/ls 00877.5 
009110 .lK)916.5i,00‘.)‘>20 . 009274. .009327 
009644 ,009695|. 009747 00'i798 .009849, 
010149, .0101981. 010247 .010296 ,0103441 


008246 

008832' 

009361 

0098()9' 

0ia392 


00K307 

U08888 

009434 

009950 

U11H40 


.01049 
.01449 
.01761 
. 02025 
.02258 

.02470 

.02665 

.02846 

.03017 

.03178 

.03317 

.04683 

,05568 

.06403 

.07141 

.07810 

.08426 

.09000 

.09539 

.10050 

.1049 

.1449 

.1761 

.2025 

.2258 

.2470 

.2665 

.2846 

.3017 

.3178 


.01095 

.01483 

,01789 

.02049 

.02280 

.02490 
.02683 
. 02864 
.03033 
.03194 

'.03464 

.04690 

.05657 

.06481 

.07211 

.07874 

.08485 

.09055 

.09592 

.10100 

.1095 

.1483 

.1789 

.2049 

.2280 

.2490 

.2683 

.2864 

.3033 

.3194 


Loiuo 

.01183 

.01225 

'01265 

01304 

.01342 

, 01378 

1.01517 

.01549 

.015S1 

,.01612 

,01^43 

! 01673 

' 01703 

.01817 

.01844 

.01871 

.01897 

|.019'24 

01949 

01975 

.02074 

: . 02098 

'.02121 

.0214.5 

.02168 

02 1 9 1 

02214 

.02302 

.02324 

.02345 

.02360 

1 

.02387 

02408 

02429 

.02510 

. 02,5:10 

.025,50 

:.0'2569 

-02588 

. 02608 

02627 

.02702 

.02720 

.02739 

.027.57 

.02775 

02793 

0281 1 

.02881 

.02)'98 

1.02915 

; , 02933 

. 02950 

.02966 

.0'2983 

.03050 

.03066 

. 0.30, S'> 

.03098 

:. 03114 

03130 

.03146 

.03302 

.03209 

, 03225 

.03240 

.03256 

1 

j. 03271 

.03286 

.03606 

.03742 

.03873 

1 

!. 04000 

1 

i.(Ml23 

.W243 

1 

1.04359 

.04796 

.94899 

1 . 05000 

0.50<»9 

.05196 

05292 

05385 

.05745 

.05831 

! 0.5916 

. .OoOOO 

'.06083 

'06164 

.06245 

.06557 

, W;633 

'.06708 

.067^2 

.06856 

1 06928 

07000 

.07280 

,.07348 

.07416 

,07483 

.07550 

U76I6 

1 1 

.07681 

1 

.07937 

.08000 

.08062 

0.SI24 

.08185 ■ 

08246 ' 

.08307 

.08544 

;. 08602 i 

.08660 

.08718 

08775 

088:12 1 

08888 

.09110 

.0916.5 ' 

. 09220 

.09274 

09327 

09:i?ii 

.09434 

.09644 

.09695 ; 

.09747 ' 

09798 

09)i49 1 

. 09899 

0W50 

.10149 

.10198 

.10247 

, 10206 

.10344 

.10392 

10440 

.1140 

.1183 

.1225 

-126.5 ! 

1.304 

.1342 

. 1378 

.1517 

.1549 

.1581 

,1612 ' 

1643 

. 1673 

1703 

.1817 

.1844 

.1871 

, 1897 

. 1924 

.1949 

. 1975 

.2074 

.2098 

.2121 

.2145 

.2168 

.2191 

22U 

.2302 

.2324 

.2345 

.'2366 

.2387 

.2408 

2429 

.2510 

.2530 

.2550 

, . 2569 

-2588 

.2608 

.2627 

.2702 

.2720 

.2739 

.2757 

,2775 

.2793 

.2811 

.2881 

.2898 

.2915 

.2933 

.2950 

,2966 

•2983 

.3050 

.3066 

.3082 

.3098 

3114 

,3130 

.3146 

.3209 

.3225 

1 

3240 

.3258 

.3271 

.3286 

3302 


From di^ndboak of Uyd rem Hcs ^ - NdL 











Velocity V, ft. per sec- 


5-28 


drainage: 


8c SLWERAGL 


SCOBtY CHART FOR THE. 


UTION OF KUTTLR’S FOR^li 


K u T T E R*S r ORMULA 


Q ■ ac In u/hich 


4L65 + 


0. COZBl 


hSU 


€• 


/ > 




ExXMRLti 

Given: A concrete lined channel^ 

a(cros5 sectional 

R(ht^draullc radios'^ per) rr^eft^¥ 2 . s ff, 
r)(coe/ficienf of rou(jhr)es3- seeTable. A, pa<je 5-?i) 
S(longifudinal slope)* 0.00,24 H per H 


O.C 


Slope S , ff. per ft. 


Variations from horizontal 
qutde fines to be used 

J ,, I y* 


o 

'n> 

o. 


o 

o 

o» 


o 

o 

V- 


o 


o o o o 
o o o ’o 

o O O -rr, 
^ CP vO O 


o 

'o 

TK 


o 


0 t 


O 

o 




accordinq to values of n. , o 

tH. V o o <5 

?_ '9, o.^ 




.NO 


<R 


'9L O 9 

% 


>T"/ 


V^, V - , y 


o 

o 

o 


*o 

o 


/ / 






o 


/ 


iT* .*' 


o 

o 




• / f . 


0.4 


rok 


0.5 




0.6 


OOif- 

^QSO 


0.7 


J . 


00 


0.01. 

Mi 


09 
I.O 


7 


7 




o.oSo 


V' 


1.5 


V.O/?. 

om 




\ ' 


OW 

OOiO 






V' 


WJ. 


?.5 


0.050. 


\^ \ >7 






\ >- 




acaa 


y' . y ^ 


y 


6 .0.030 


20 


30 


40 


Veloctty V, f 1 sec 


for perrnfss/ar? to reprodace fh/s the <^afhor /s irrdcbfej to the P/h/sfon of frr/ ^a.ffon, So// Co^sew:^ 

printed in Cre^^^r <And Just/ns Mi^droe/ec/rtc /dtsndhaok , i027. 



HYDRAULIC COMPUTATl ON -3 
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itULA FOR FLOW IN OPEN CHANNFI S * 


’ 0.0/3 


Reauired: 


To 'find V (\/elocHy m fi p^r sec,) and d (discharge in c.£s.} 
En-fer chari ai 2.6 } proceed parallel Luifh oblique 
R lines fo inieroecri’ I On cuHh n* o.oiS; ihence horizonfally 
to infersecfion u/ifh S* o.oqiz 4-\ ihence parallel oulfh oblique 
V line fo V scale; read V'6.75 ff. per sec. 
aV = 60 \ 6.75 = 405 c.f.s. 


er ff 


o 

o 

o> 


o 

'o 


o 

o 

VP 


o 

'o 


o o 

« « 

o o 

CP vO 


o 


o 

\>> 


■ ■Guich lines 


02 


03 


0.4 


%vSi»IS 


mim 


JipMSillSilSii 


iSi!SiSgSilBSIiSi!»l6gSi|f 


igsiiliii 

lllllllis 


zo 


isasgiiWBBS^iMiiiSiiiigaiiBSSia* 

aiiiiilisifjSiiBgsiig 


30 

40 

50 


SO 


i^dinesiili 



— CNJ rO 5 ii 2 

o o O O 


100 


Values of n 


,„s(ry<Af,o/? Scrr/ce, 0.5. DepArf/ 7 ?cnf af Ayrlculfure fo Mr Scobey. In this form if fjm>f 
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drainage. 


SEWERAGE - HYDRAULIC COMPUTATlOM-4 


500 


400 


300 


Example Given discharge Q - 4 A c.hs. 

f rid ion fodor n- O-OiS 
slope of O.OOGO^ pen fod 
Find diamder IS inches and 

vefocihj of 3.5 fi per second, 
t>y foUoujinp d 05 hed /ine^ 


.0001 




o 


200 


40 


30 


loH 


.0002 

.0003 

.0004 

^ .0006 
o .0006 

d .0010 


.0020 

ct 

o .0030 
^ .0040 

U .0060 

9: .0060 

Toioo 

</) 


.0200 

.0300 

.0400 

.0600 

.0600 

.1000 


.0001 


.0002 

.0003 

.0004 

.0006 

.0006 

.0010 


.0020 


.0030 

.0040 


.0060 

.0060 

.0100 


.0200 

.0300 

.0400 

,0600 

.0600 

.1000 




10 


NOMOGRAPH FOR 


COMPUTING 


UIRED 


CIRCULAR DRAIN^ FLOWING FULL 


n=O.OI3 


0.015 


pied from Engineering Manual , IVar Deparfmeni, 


D_RAINA6E ^ 5EWERA6E- HYDDAlIl ir COMPUTATION-5 


V 

Q 

n 

S 


' SGC/‘/G/7a / — I ^ £r • /. - 

or 7 Jff'‘faf/ 

X X P^ pGrlmefer A V— — —J j p ~_P_ 

^ *" P ~ rac/fcfs. ^ 

^ectionofcircu^^ 

<7 l/=»/)/e-A^^^ ^ ^ /eer ^e/- seconc/. 

(^oefftcienf^of'^roagTnZs^aTT' '^ee/ /je/- ^600/70^ (c.f.s.). 

S/ope. of Hydrauf/c Grod/enf^r^^ chonne/ surface , see 7 ^^/e yI-y^. 5 -? 6 . 
onder pressure serrrfe as sJoae chaurre/s or pipes noi 

-SuJforrr, fr; coTs.Z^Zli:^^^^^^ We./ flo. 


J i ^ 

OF CHANNEL SECTION.^ 


tL 

lU 


o 


IL 

u. 

0 

1 

h 

a 

UJ 

Q 


90 


SO 


70 


60 


50 


40 


30 


20 


10 










if 


no 


120 


O to 20 30 40 50 e^ 70 ao 90 yo5 ii^ 

HYDRAULIC ELEMENTS 

PVAMD, pr CENT OF VALUE FOR FULL SECTION CAPPROXIMATE) 

EMMELf: e,..n : f'’'0‘‘9/> a pipe ^hieh P^s eepaeifg /•„// 

fhr fu// sec/ /on of //pdrou//e f^/en7en/s, f/hd V- /I2.57<p^ 1-7.3 f/ per sac. 

FI6.e>-VALUES OF HYDRAULIC ELEMENTS OF CIRCULAR SFCTinKi 

FOR VARIOUS depths OF FLOW SECTION 


HYDRAULIC ELEMENTS or 


MASSEY 


BA>SE PIPE- 



FLAT 

IJV-L. PIPE. 

Ar<£0=‘A “ • &~7 G 

\M/oc/f-i/ = y _ 

WeHed Perim. 

Discharge - O 

partially t" ill ED 

5/xkj// hfttrs are for "d’ depth 

Diatneler of Circle 
mith et^ua! cam^inq 
Capacity = 1.0 5 D 



FL^T BASEL PIPE. UPRIGHT. 


FLAT BASE PIPE INVERTED 


V 


0 


0.05 


0.0 4 3 


0.2Gi 


0 JG ,7 


0.30! 


O.f 0 
0.1 5 

o.?o 

0.25 

0.50 


0.09& 

0152 


0J09 
0.2 GG 
0.3 23 


0,35 


0.3 SO 


0 . 3 _C 10 

ojii 

0.3 GJ 

oSsi 

6.420 
~ 0.4 50 


0.59A 


a3J_2\ 0.4G9 

0. 45 7 
'q. 511 ^ 
d.&78 


040 
045 
0.30 
0.55 
O.GO 

0.70 

0.15 


0 A 31 
6.4 94 
~ 6. 5 5 I 
0^09 
0^G5 

a ifl 

~aii 4 


0_A19 

0.506 

0.538 

0.5G7 


0.013 


0.G94 0. 144 

0.113 0.205 


d.lGl 0.840 


0,211 


0.345 0.894 

o.9iT\ 0 . 94 J 


0.339 


0.4lf 


0.973 0-983 

}.023 T f.0l7 


0.484 


1.014 


0.80 


0.3 25 
0.673 


0.5 97 ^ 

0.G28 

0.G59 

6^92 


}J_I_G 

1.151 


1.174 


1.194 


0.727 


w ^ 

0.90 

0.953 

0.35 ' 

0.983 

LOO 

i.OOO 


Q.IGG 

0.810 


f.±98 
1.194 
Li 13 


O.SGi 


1.049 


1.077 


O.IIG 


1.099 


LH4 


0.792 

0.8G2 


I.I2G 


0.930 


0.98G 


0.8 G6 


i.}32 


f.OOO 


i.OOO 


f.OOO 


f.03f 


LOG? 


LOGS 


i.OOO 


cx 

h 

0 

L- 

p 

0 

r 

R 

0 

IT 

V 

0 

_a_ 

g 

0 1 

0.0 H 

0.132 

0.124 

0.247 

0.004 

0.04 7 

0.(90 

0.248 

0 J 95 

0.018 

0 084 

1 0.234 

0.3 GO 

0 . 50 G 1 

0. 045 

0 .IZ 7 

0.272 

0.469 

O.GOS 

0.011 

0 / 75 

1 0.308 

0 , 5 GG 

0,684 

an 9 

0 . 22 G 

0,34 i 

0 .GG 5 

0.160 

0172 1 

0.278 

0.372 

0.748 

0.815 

0.230 

0.334 

0.403 

0,829 

0.894 

0.296 

0.390 

0.433 

0 . 903 1 

0 . 93 G 

0.3 65 

0.447 

0.462 

0.969 

0.978 

0,431 

0.504 

Q. 49 i 

i. 0 Z 3 

l.Oil 

0,513 

0 . 5 G 2 

0.521 

1.077 

1.052 

1 0.590 

0.615 

1 0.550 

li 24 

1.081 

1 0 .G 70 

O.GIG 

i 0.530 

LIG 3 

i.i 06 

0.146 

0.73 3 

0 .G 09 

1.202 

!.i 3 i 

T 0 . 85 ! 

0.190 

n 0 .G 39 

i .233 

i.lSi 

1 0.901 

0.348 

0 .GG 9 

i.ZGl 

Li 73 

1 0.994 

0.904 

0.700 

l, 2 Bi 

1.185 

1 1,070 

0,957 

0.739 

1.295 

1.188 

T I.I 5 S 

I.OOO 

f.OOO 

1.000 

i.OOO 

1 LOGO 


EXAMPLES: U5e Manning Formula- 


I I | 9 ^ ^ I 


Qfyen : 


^ S O " or (o,G7 

A * O.SIG X Q.Ql^ 
0.253 ^ G.Gl 

V z 7J 2 Fi: per Sec 
a =277 CuFt per 


5 T 0. 00 i& 71 

- 39-90 5e}-Ft 
= /72 


= 0 . 0 1 Z 


Find g cuhen floujing Z feel deep ~o.5D 


(a) upright 5 ection : 

(From Tsbie) 

(b) fnveried 5eci-!oni 
* From Mosseg Concrete 

Products Compang. [From Table) 


r‘ 0.7G7 X L72 = 1,32 


5.S5 Ft per Sec. 


a- 0.323 X 33.90 = 12.57 q= ay -- ^5 x 12^57=74^9 c 

V-0.84X 7.IZ = 5.93 Ft pfr Sec. g= 27 ix 277-75.0 c.f.s. 

r = 0.&&3 X 1.12 = l.\4 Y- 5.40 , 

y --0.7C X 1.12 = 5.40 ft. per Sec g=.l72x277= ‘47-C c.fs. 


I 
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DRAINAGE & 5EWERAGE-MIN0R LOSSES - INVERTED SIPHONS 


M anh^/e 



Aior?r 7 a/Q ^ 




PLAN 


f 

AIIc>iA/ 0.08 — Pon — 
ord/harq Sfze setters. 


PM/s drop rnus/ Pe 
/o ke^p zero 
pfersure /n pipe. 


Mor>hoJe 





Relaf’/v'e fnv&rfs 
fo keep Zero 
pressure /n p/pe . 


Mari ho/e 


A//otv z^hert f <2 
fiGhf d 6 e /7 P 2 D f’oSO 


TP/s c/rop /mt/sf 
be /77a£/e /o keep 
zero pressure 
/r» pfp^ • 


SECTION 

Inside Diomehr of pipe in /eei j r - radius in feeb 
Ve/ocHu In fee i per Seco/^d, h~ head in feef. 


A//o w O.- O2. 


fig. a 



SPECIAL HEAD LOSS ALLOWANCES IN SEWERS 


A 

i- 




/ ^ ; rp“ 

A/nlef 




.R .0 

ft >•'> 

■it' 

t 

5 «>,D 

•i !-5 


Jw-rr 1 






Shear 

OofesT 


* ^*1 


22 S/PHO/Z 


f^hamberf 

•■£t; ,- ;. . -, A’ 

•Ub 



20 S/PPOA/ 


SECTIONAL PLAN D-D 

15 Dio. Pipe shoo/d — ^ 

^oke nn//nimc/n 7 flar^/. ^ \ ^ ^ i 5 <^20 Die. Pipe should 

" ^ ^ n \ 7\ I lake /jormo/ f/o/v. ^ 

/ 5 , 20 Sr 22 Dfa. Pipe ^ 

sAoa/d lake peak I 




section B B 

CAr£A^ 


9-P 








P/P£ 


' X:* 

'P/pe S/a ops^>‘ - •■ 

fot¥ard fumjt P/1 


■ CJ.:-’ 


.A * 


^ r/ap Pa/ves 

tdTi.A/ios^ hove Si/P/Zc/eni ir/e/phi 
/o pre yen/ }/j /ioofi/yp- ^ — ™ 


\'i^’ ’’ ^ /<3 I , _ 

PiOTfS- Amp/e /oss ai/oy/onees mush be cored for i/y f/y/ei drOui/ei 
Chornbers • tf poss/bie some /TTOons offydsh/r/y shou/d he proyide(Z0 

Mf/y/mam ve/ocid/es per seconch /n septym/e se/vens, 

S f A per second //-> Co/ryi>/nedSe*vers, 

FIG. B— DETAILS OF INVERTED SIPHON. 


•rSZZZ^ ■ 3 ECX 10 N A-A 


Adapfed from Dd^v^iSy Hbndbook of Applied fi ydr<^u / / c s ^ 


SECTION C-C 



&■ SLWLRAGL-PIPL DLTAILS^ 


flQ.A 


'fiypiPIFP ri DIPF fittings. JOIN TS &CONNOTION 5 


rr 


* 

s 


y 


t ' 


• • --i 


O) 



' V ^ Tr 

XV T 


-■w ' 


, i 


-4 


.vj ; 


Z}/ j 



*s 




L i»f 11 , 1 'i I r: 

▼j k I ^ t m m ^ ^ ^ - 


Cl ' 

^Esn:3Z2Zzi22 


INCREASER, 


, ^ 




j:wi; 


REDUCER. 


PIPE 


T- BRANCH 


y-branch 





V- BRANCH 

Bituminous Joiri't 

Compound 


Precast bituminous 

treated fabric rings. 




POURED PtlUMmOUS COMPOUHP 

JOINT. 


elbov^ 


CURVE BENDS 


Pluc for cleanout if 

end of line. 



5L\P SEKU JOINT 
TO P\9l E>EFORE JOm^NQ. 

lateral. 



Hou 5C conn. 


bend. 


PLAN 





NOTE:- 

5eujer connections to 
be made at manholes 
If possible. Inyerf o f 

Se^erlahrat. house connection fo 

be at e/e ration of 
fop of lateral. 




• 4 t 


■SECTION A-A 




\ON B-B 


STANDARD SEWER 
HOUSE CONNECTION . 


SEWER HOUSE CONNECTION 


WITH VERTICAL RISER. 


TRANSlTElSmEa 


Trans ife sleeve 




/ • 


Jointing /apt. 






SECTION ON 
I PNG A)^. 


Trans! te pipe 


SECTION ON 
LONG AXIS 


VI tw x-y 


VIEW V- V 


*Dcta from Johns-MonviHe COrp. 


NOTE- 4 bolt holes equaH<j spaced, bolts fo be ^’diarrtefer 
corriaqe bolts tiHed u,ith lead ivashers and Monel 

hex. nuts. 4 supplied u^ith each branch connection. 

DEGR EE TYPE 

CAST IRON CUT-INS fOR H0U5E CONN ECTIONS TO TRANSITE PIPE 


» 
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DRA1NAQE& SEWtRAGE- PIPE DETA1L5-2 


^ 'f'; ’ Kv Cemeni morian 
'.fSX y 

B*'f * 'i ' A * *' ' * •»' * / 


<J:v w .4>/ •-■ 


Concrete 
Bit compound 




CEMENT MORTAR JOISJT. 


POURED 5lTUMtN0U5 


compound joint. 


CONCRETE COLLAR FOR U5E 


IN SIPHONS OR LOW HEADS. 


BELL AND SP|QOT PIPE. 


Po/nied up vutih cemeni morfcr. 



(GROUTED SCARF JOINT 


GROUTED IMPROVED SCARF JOINT 


SCARF JOINT pipe: 


FLEXLOCK 


RUBBER GASKET JOINT 


FIG. A 


CONCRETE PIPE JOINTS. 




Inside circumf. Zaps should poinh 

2 Rod on up si ream *‘-''io|^5jr^VVT'V^^ 

on f/ghier gauges where VInK ^ ' ' ' ■ ' 

headwaH is omiiied^ |J|(kM I J 1 i I I I Irn^ 

^ hg on ^ ^ 

P/gce [ongjfvdind seaw^ zjC before ccrn^oafho 

a f sides or k pomfsi r^ever \ ^sVscfoJ/ 

ar fop or boffom. !< 


Bo/fs 


/Ingle irons 


3anch>. 


DETAILS 

dolt 

Rivet 

>^^3and. 


^Lap. 

Pipe-^ 

SECTION THROUGH 
BAND CONNECTION. 


PIPE MATERIAL: Base mefa! is pure iron or 
iron copper alloy galvanized both sides. 

PA VED INVERT PIPE: Has bituminous pavement 
filling va/legs of corrugations in bottom of 
pipe and pipe is partly or fully bituminous 

coated. 




Angle irons riveted 
to band. 


• • 


W Y W 




II 


jy 


^ ^ ^ Gap between sections. 
Band connection covers 
3 to 5 corrugations. 


Of CORRUGATED METAL PIPE. 


vaUCi 




Gouge or 

thickness of metal. 




Depth of 

corrugation 


DETAILS OF CORRUGATION. 


« 


'5 ^ 

-It R' 

cl 




\Afe/dy. 


c: 


Held. ' 


Y- branches 


T- BRANCHES 


FIG. B 


CORRUGATED METAL PIPE DETAILS. 


Data from firmco Dre^intsge Products^ Assoc 
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5 E WAGE TREATMENT 


GENERAL DATA 


TABLE A — , - gN ipouNos PER 

5 USP E SIDE D SOL\D t? capita daii-V. 

/. 3e. parate 3e >v^/*«5 


laaggjg^ill 1 3K~;»'S3!g''g g 


. (To mJ^/n e d 5 <z ^ve rs 


five-day BIOCHEMICAL- 
OXYGEN DE MAND.C^O-P-> 

t ry . 1^ ^i:^f ^rtlu Seoa/vM S^P^ 


POUNDS 
ICAPITA DAllV. 


Yj^esidenJJ^are as, Jnc/ud. ordjnary 
rnm mercio! & 5 faU, s epan^fe sewers 

*' _ - t ^ 


2>.Re s idenf-jol areas, mchd. ordmarc/ 
CO rr.n^^rria/ej^ ^: Coa7S}ned seiners 

d.M/g. c/fy <v//^ /70 Jorge /nc/iy^^rfo/ tvcsies 


J ^ ■ 

S.lrydush/ol washes (dre^erd/tf qc/i^e ^'9^) 


and ov&r 


TABLE C- APPROX. EfnClENCl^E 5 

OF \IN1T5 AND PLANTS 


UNITS 


Seffling Tank. 
/m h off 7^7/7 ^ 


2 Hours 


SU»WMD« 

dOLtO* b£p0CT»N 
iRfOUCTlOWP®^ 

Vo 


ds-eo 


2-3 Hours 


PLANTS 


4-B-60 
to- 30 


Sedimenfoiion Thrjfcs (or- 

/mhoff TdnJd) S-Sor>df///^ 


' — . — 

SedJmerydad/on JdnAr^ ^Sfd. 

/ow R<a/e Tr/cir/ Mq F//fer 

_ J 


SedimenfaHon Tankgdt^h 
>?o/(f Mer ^ 


90-93 


7S-BS 


a. Srng/e S^oge intermediate 

fOrx. C/ar///^ o/mt' Or^e f//ter') 


b. S/ng/e stage complete 
(CIcrif/'er; F/Iter, CJar/F/er o/I 
in series') ’ 


C 77-vo stage complete 

(C/arif/ 'er', Ft/r^er-, r/'/tcr', 

C/arifter a/t in j er/es ) i 
Jat/VUcct 5 /uctqe proce 


85-95 


Cherr7/aa/ Treat-rryenf 


65-90 


1 \NDUSTPxY 

&.O. D. 

5.S. 

1 Tan n era 

25.5 

12.0 1 

1 ^ 

1 ica! Mono factor ing 

22.5 

7.4 1 

1 OrQon/c Id/osfG 

?.e 

2 . 4 I 

Atln Pichting 

3.6 

1 ^.8 1 

Due Waste 

44.2 

I 5.4 

1 «✓ 

1 / n//j-}dru 

22.8 

22.2 1 

1 “ 

1 Diptilterq 

470.0 

mio 

1 Dairu 

44.6 

5.7 


Misce Iloneoos 

TA W F n - DILUTION REQUIREMENtj ! 

r-fO &E USE D AS GU» D E ONLY. 

generally STATE AUTHORITIES 

establish standards for the 

VARIOUS WATERWAYS UHDER THEIR 

JURISDICTION.) 

PER 1000 PERSONS 


Row Sewoge 
3effled Ser^ag 


3. 5 -6.0 Ce.fi per Sec < 


20-4.0 


• I 


c/tem. Treat rrte/ 7 t Cfflueryf 15 - 2.5 

Filler Effluent . 5 - 1.0 


H 


»4 


Activated S/udge Effluent 


n 


.3-. 5 


Sand f/tter EffJuent 


TABLE E -APPROXIMATE RESULTS 

obtainable by primary and E>Y 

COMPLETE TREATMENTOF AVERAGE 

DOMESTIC SEWAGE. 


80-95 90-96 
S5-75 60-90 


b. 0. D. 




RAW 
5 E WAGE 


after 

primary 

REATMENT 


250 P.P.M. 140 -200 


250P.P.M. 100-140 


AFTER 

COMPLETE 

TREATMENT 

15-00 


15-30 


‘ See page J- 42 - Flo hj D/agr-ams. 

* Fro.m DAvfs, Handbook of Apphed dpdr^uhcs ,M- (jr^w- di II 

''^Fram Pr/nc/p/cs oF Setvage Treat-naent hg DP mt/em 
Nationat Lime AsSaciation, idashingta n, O.C. 

Frc^rn THg Dorr Co* 


5 publtsheol by 



5EWA6E TREATMENT 


FLOW DIAGRAMS-! 


INFLOWING SEWAGE 


INfLOWINO 2EWACC 


HANOaEANEO'IM$M«lL PLANTS 
KANC aCANED.WtTH GRINDER - IN 
.MEDIUM S(7E PLANTS 
MCCMANICALLYCICANEO.WITH 
CAINOERS IN LARGE PLANTS 


^ UfUALLr 
WITH COM0INEO 


SewrflSONLY 


CAMPRESSEO AID 


BAR ’ SCREENINGS 
SCftEEW -j 

I GROUND 

L SCREENWGS^ T 


ALTCRNAJI>ff SCREENINGS DISPOSAL- 
BY INCINERATIOH OR BURIAL 


GRIT 

HAMBEI 


GRIT 


NMO ClEANCD-IM SMALL ^«ins 
MIND ClCAHCO.WI'm GRtHOCAM 
MEDIUM SITE PLANTS 
MECHANICALLY CLEANED, WITH 
OfllNXdS'lN LARCC PiAm% 


* {iSUMLY 
WITH CONBINCP 
S£wrRS owcv 


WASHED AI^D useo f09 ful- 
OR BUArCO 


COMPACSStP AIR 


mA%{ 

FLOTAriD 

TANK 


BAR 


SCRCEHinCpS 



GRDONO 1 

OBIT ORi’^ 

IHAMBEP " 





ALTtRNAnV! SCACENINGSDC^O^' 
BY /NONCRATIDN OR BURiAi. 


WA$H£C) AND V%iO K)R £itL“ 
OR egRr £0 


GRCASC 

aOTATlD 

TANK 


IN LARGER ONLY' 

DR UMOCR iPCClAL COHDlTONG 


H£|l1 


ENGINES 

AND 


CREASE 

POWER I removal' 

! tank 

GREASE ■ T 


IN LARGER PLANTS ONLY- 
OR UNDER SPECIAL CONDITIONS 


ALTERNATIVE GREASE CHSPO&AL 
BY INCINERATION OR BURIAL 


GREASE 

r^-jREMOVALL-> 
■ I TANK 


SUPERiaUNT LOVERaOW, 


ROWER I 


SLUDGE 

DIGESTION 

TANKS 


<; JT-- 

^RAW SLUDGE 


[DIMENTATI 

TANKS 


ALTERNATIVE SLUDGE DISPOSAL METHOD 


HEAT 

r 


SUPC^TA^ 


CHCMtCALS 


FILTRATE 


OICESTCO SLUDGE 


OPEN SAND BEOS' 

IN SMALLER PLANTS 
iCCHANIck OrwVCRlNG 
IN UftCER PLANTS 


ilCESTfO 
SLlKE , 


I 

I 

I 

_ J 


HiORiun 

CONTACT 

TANK 


ALTERNATIVES 


ALTERNATIVE EFFLUENT 
— I FILTERS 


4C0IMUL' 


INOMTIHUOUS 
GCRVICC Oft 
DURIM 
ftCCACATlON 
SCASONCWIT 


lYOftMA 


OCWATtRCO SUiDCC USCO FOR fill- RCCAL 
Dft AS A CjDWGRAOC FEftnuZ£ft- I SCASO 
OR INCfMEAATEO J 

EFFLUCKT 

IFCKLOft(MT£D 


...q 

SiHCHtunoi 

• I 

I 

T 

ASH 


Jf.. 


(nGINIS 

AMO 

U HiAAm 


.^PUMUMT 'V 
GAS &otnoi^ 


SLUM 

OlCESrCN 

TANKS 


tnMO Atf( 
OCOfjm 
TANKS 


AlTEPNATlVE GA£AS€ OtSPOSAL* 

BY INC I ME RATION Oft BUftlAL 

r" ' “ "lAtUM,(.IM£ FCftRiC 
MlMtM CHLOPlOE, FERRIC 

lOTiTOl SUlPNAlfe. 

-| I za I 'COPPER AS OR 

, COUBJNATrONS 

' Of THE SAME 


.lAMT ♦ 

. I I 

ALT^KATIV^^ 

uSSoKPOSAi*’ 

MTTNOO 


CNMENTATI 

TANKS 




r OftVMG I 
i AHO ' 
;scfteew«j 

W * « p « — ^ 

I 

V 

FEfttllltEft 


Diccsreo Bluocc 


filtrate 


«ASM 


OPEN SAND BEOS- 
IN SMALLER A,ANTS 

meckancal O^MTEPinC 
IN larger plants 


fOlCtSTEOl 
: SLI^RGC I — ^ 


EFau^b-’L“w 

BE USCO I 


rAlTERiTVEll 


crrcucKT 
IF FI IT ERCO 


EfFEUtWr 


MWATERCD SUIOGE USED FOR Ult 
OR AS A iOW GRAM FCRlUfTEQ ia!1 
OR INCINERATED i — 


ALTERNATIVCS 

;?incont»nuous 
f^OVlCE OR OUR* 
RECREATION 
-^JStASON ONLY 


IINCIUI 


I 

t 

ASH 


DRYING 

AND 

SC^^EEUNG 


FCRTILIZER 


riG. A- PLAIN SEDItVlCNTATlON PLANT + 


CFFLUENT 

irCHcORlNATED 


EFFLUENT 


infuaving sewage 


fig^b- chemical treat ment plant. 


HAND ClEANCO-IN SMALL PLANTS 
HAND CLtAHtO.WfTH GDINDEFt-IN 
MEDIUM SIZE PLANTS 
MECHANICALLY CLEANED WITH 
GAiNOCRS-IN LARGE PLANTS 


* USUALLY 

WITH COMeiNEO 
SeWCRS ONLY 


BAR 

scftecNS 


^scRyNjNW ^ 


GROUND 

screenings 



ALTlRNAPVt SCRUMKSOQROSAL’ 
BY xPKm^mH Oft BuftUL 


GRIT 

IHAHBCft 


INFLOWING SEWAGE 


OftiT 


WASHED AND USED FOR Fai* 
Oft euftiED 


riFApwClEAMED* IN SMALL PLANTS 
HANDCitAMtO.wrTN ORiNMft-lN 
MEDIUM SUE PLANTS 
MCCMANICALLY ClLAMCD.wrTH 
GRiNOCftSHH LAftGE PLANTS 


BAR I SCAECHli^S 
SCREENS 

1 ^GROUNO 

^ screenings 


AiTERRATrvE SCAECMiOOBROSA\ 
By iNCiNERArCN Oft BURIAL 


^ coMftftrsscp Afft 


CftEASC 

FLOTATION 

TANK 


* USUALLY 
WIIHCOMBINEO 
SCWCftS ONLY 


GRIT 

;hahoER 


GftiT 


. waSmco AND USED FOR Fill 
^ OR BuftUO 


ENGINES 

AND 

>EHER 4 T 0 ft 


POWER f— • 
GREASE 


ORCASE 

REMOVAL 

TANK 


IN LARGER Plants only* 

Oft UNDER SRCCiAl CONOiTtONS 


ALTEANATrvC GREASE DISPOSAL 
BY I MCrNE RATION Oft BURiAi 


ENGINES 

AND 

BLOWERS 


COMPRESSED : 


HEAT 


SUPERNATANT L^AFLOW, 

r-JT — T — 

L T I 


■•*eAT 


SLUDGE 

OIGCSTION 

TANKS 


j filtbatc 
OlGCSTCtj SLUDGE j. 


OPEN SAND BEOS* 

IN SMALLER PLANTS 
MECHANICAL OCWATERING- 
IN LAAGER PLANTS 


DIGESTED 

SLUDU 

DrWAnPN 


_J 


DEWATERED SLUDGE USEO FOR FILL- 
OA ASA LOW GRADE FERTILIZER- 

OR incinerated N 


SCUO^ 

/ i 

»TE I 

I 

fii^W 

SLl^E 

I 

I 

' ! 

HLL- I 


PRELIMINARY 

{EnMEMTATIOR 

7 ANIQ 


GREASE 

SupEAnatantL 

r-'-i-v- 


GREASE 

r-yf'- 


GREASE 

iOTATiOn 

TANK 


GREASE 
-“1 REMOVAL 
I tank 


in larger PL amts only- 
Oft UNGER SPECIAL CONDITIONS 

. ALTERNATIVE GREASE DiSPOSliL* 
BY iwCiNCRArrON OR BURiAL 


trickling 

FIlTEftS 


OtSftOSAl METHOD 

j \ AawIlum? 

\ SpchanicaJ 

I 

alternative ^TEftHATrv^ 

ftAWSLUOCE [ ToftYlW 

I I ^INERAftOft I AMO 


SLUDGE 

Digestion 

Tanks 


; SLUDGE I 


DlCESieO SLUDGE I 

i FILTRATE 




final 

[DtHCKrATI 

TANKS 


i 

ASH 


; DRYING • 

^ AMO * 
^SO^ERI^ 

♦ 

FEftTiHIEft 


OPEN $AUD BEOS- 
IN SMALLER PLANTS 
MECHANICAL OEWATEAlN 
IN LARGER PLANTS 


OtGESTEO 

$LgO&E 

XvuirrBiHd 


J 


ALTERNATIVES 


IN CONTINUOUS SEAVfCE- NUMm 

Oft OUftING ftECftEATiON CONTACT 

SEASON ONLY TANK 


—A/o T£^ •• 
for h/^h roi’e. 
f/f^ers See 

page 5'42, 


OCWATtRCO 5 LUOOC USED FOR RLL 
OR AS A LOW GRADE FEATiLiZCft* 
OR INCINERATED 


IN CONTINUOUS SERVICE- 
Oft OORINC RECREATION 
SEASON ONLY 


KtORlHAT^ON 

CONTACT 

Tank 


F i EEC^SS 

PRtl I WNABY ^F^llVr ^ 

5 EOINEHTATION KLUDGE 

TANKS — 

ACTEANATivE Slum i 

fWWUVOM 

5 ^TE 051 ^ 

I , — J._. 

I ^ALTERHATIYI 

AERATION 1 

A ! ' O' 


AERATION 

TANKS 


, J , 

^ALTERHATIYU^ 

r T r ofiTi^s 1 

)nCW<IUTIM i AMO ! 

• • ' SCHIHIMG* 




ACTIWATCO 

SLUICE 




I 

Y 

FERTiLiTCi 


FINAL 

iDMENTATON 

TANKS 


EFFlUfWT 

IFCHUSftINATED 


CFFIUENT 


FIG.C- TRICKLING FILTER PLANT* 


EFFLUENT 

lFCHlDftlNATr«N 


effluent 


fig. D- activated sludge Plant 


* Large pianh' mag re^aJre G/-// CAa/r^^ers, 

Jnc/uc/mp /mhoff TarriAzs* 

Data Prom Handbook of Applied dydrAu/ice, M- Graw'dfl/. 
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SEWAGE TREATMENT 


FLOW DIAGRAMS-Z 


HIGH RATE TRICKLING FILTERS 


RFriRCULATION. 








CLAR\FIER 


(/ZA^V TG-^AT^O 


TRICKHMG 

FILTER 






SLU 0 G £ 
TO 

D/S POSAL , 


U£/^ 


single stage intermediate 


ATM ENT. 


/r/lT£A^ £r£^C/£I^T} 


3 ^ COA^£}£)a Y 
' T'^Sl L / DG £ 


/a/fl a^A^ry 


primary 


( RYiy >/ oA TA ££ T ££> \CLARIFIEP- 


trickling 

FILTER 


SEC0NDARY\ (je A/ 

clarifier 


SI aoG^ 

TO 

0/5A^OSAA 


3£Cr>A/^£^ Y /A/£ a ££££ (/£A/TJ!iCl 


SINGLE STAGE COMPLETE TREATMENT NO. t. 


JZ £ C/ A CU Z . T0O 

£/Lr£P £FFi-a£/vr 


t 3£COZA£>A ff. A£C/acc/zAr£o 

- " secoz / o^ev 

D F U £ F / T . 


f N£ia£/j r \ 

TR£AT££y 
S£IYAG £■ )■ 


primary 

CLARIFIER 


trickling 

FI LTER 


sz G £■ 


5 FC 0 MDARV 

CLAR\F\ER 


SA.^J^0£^ 

/:>/^PoS£^£ 

SINGLE STAGE CO MPLETE 

P £C//ZCC//./R T£ O 


TRE ATMEM 


NO. 2 


jZjfc:/ /z auz.A 


/ ZA / A^/^/Z y ' T £ R . OSA/T 


//s/FL U£ y v r 
(R4l^ OR TVeiMT'if.jyCL AR 


MART 

FIEP, 


PR I MARY 
F I LT E R 


3 £COaJ'£>^^Y £££y.U£/YT 


SECONDARY 
FI LTER 


SECONDARY 

clarifier/ £f^YLa£RT 


SA . A / 0G £ 

TO 

/D / S P G S F9 £ 

TWO 


SLc/£>a£ 

S£^yA<7£- 


MPLETE 


RE 


M E NT- 


NOTE: See TobleC, pageS'4o /o/* 

E)g/g /ra^n Dorr^ Corry^on^ 


efE/G/&r7c/G'3 oE 


shoi^^Tr ctSgv'S m 


SEWAGE TREATMENT 


BAR SCREENS 


COARSE SCREEN TYPE 


C/eor open/ngs he/uveen bars / 'Vo 3" 
<:usaa//yP2''jfo2''). Ta/a/a. 'ea Se/psTeen bars ^ach > 
os h ma/zj/a/n v^ehc/fg oV 2fl per Sec. rrs/a/rrx/zrj j 

if cx>o/aJ/7s gr/^ or fSA perSec./n/o. Jfoo grJh . 

Manaa/Zg \ — Mecbaa/co/Zg opera/etS. j J 

operofed \(Mecbao/sn7 z70^ .sborzrr), / / 


d 


V? 


Housing 

Aiecbcnlcof AoAre , can be sei /o 
opera A g //jfermiffenUg /br 
l^ar/bus guanf/A/es of Sey^age, 

^ Dra/n 


lfL-Jbar.5cree/7 | 

Sha/' o// gaie — ^ 



^Ibans, usuoUg 2 'x^q 

or 

SECTION C-C 


Head loss 
ihru screen. 


3b ope and S/ope of bar screen 
depends on fgpe of mechanism. 


SECTION A-A 


UANTITIES OF SCREENINGS 


0.5 /o 6 Cu,fk per minion 
gallons for rochs wi/h 
openings of 2*’ fo 

S /o 30 Cu. ff. per mi/f/on 
go Ho ns for fine screens 
(see he/oiv) Pvifh openings 
of ^4 fa ^32\ 


DISPOSAL OF SCREENINGS 


B>g burial or hcineraf/on t B fr" 


Idben gaanf/f/es of 


exa^^sis/e, shredders 
and gr/rpders ar^e A 

some fimes used | 

(see beioi^/) and ground - crrf 


h- 


p/aced in fhe eff/uenf 
fo pass fbrough resf of 
freo/menf uni As. 


Mech an/ca/ 
Screen and 

Aahe tin I A, 


^ Ora in 
. Aar Screen 

WnFF^HfmFR 

S/one /d drain — • 


r 


SECTION B-B 


hAan</a//u roJced 


^Scrg^ dng p/dfar/rj, 


Dro/n 




Scr^^'ng ploifor/n 


L j]/ 


^1 


^/^^lO£YfT 


7 

A 


P L AN 


Z7A/£^ SCAjF^A/ types : (C/&o^ open/ngs '& or less)** 

n/ef submerged open area, n^easurec/ ba/our f/ze rrarma/ opera H v^e leyel of setuage 
/n fhe screerr ahamber^ of nof less fhar> 2 Sg, fA. p>er mi/Z/on goJZons ayerage 
da/Jg f/oyv of sewage from s' ep or a/e .sani/arg se/uer s gs/errp s , and 33 g.fZ. per 
ml II Aon gallons for combined saniZarg and s/arm setter sys/ems . 

SHR££> 0 £AS Ah/b) G‘Z 2 Zh/^^^S : Aior?ufaa/ure<d Zr? A i^/o Agpes: 
a .) /hr gr/nd/ng SoZZds a/reodg removed from sez^age bg screenings, 
b.) fhr grinding Solids os seyvage flo^vs ZZroagA Me device ^ In some cases replacing 
fhe screening process „ Head Joss for ihis fype - b " /a / 3 l 3 ee Pg . b -G/, 

"^fdapAed/rom MefcAlf & Lddy ^ Arr?er(cef.n Scwerc^ge FhocA/cc, Grc^w-Hi//. 

** CornplJed from Hetu Yorb S/a/e Board of ZAea ///7 Zar/s . 


SEWAGEl treatment -GRIT CHAMBELR.S-1 


TABLE A - APPROXIMATE 


KIND OF 

P^RT1CLE. 


auARTZ SAND. 


L 


5EWA6E 50L10S. 


MiNU 



INCHE.S PEIR 


SPECIFIC 


GRAVITY 

l.O 

0.5 

2.<S5 


111 

12 


IB 


IAaM 


IN 


I 




/ 


0.01 

0.005 

0.2 

0.04 

o.oz 

0.005 


'n fluent -) 



EffJuent 


U. B 


PL. AaM 




ProporHono! ^eir Crest 


PmaorfionaJ /Ve/rs 



freeboard IS 





section 6-b 


FIQ. 


Dram i’O Empty Qrd Chamber 

»>rTlON A- A 

— <3iR\T CHA.MB ER DETAILS. . ^ w 

...... ar. 

%Tc"ro’J r%Je7%lo°" Z“. of ,oo,o^e f/ou,fco.ft oor ,ec.) d.„dod t, veloct, 

( E/; per sec.) + dep-th '°'' ^oer^nif of surface area {^/s.per daij per sq- 

n of suT^f^^^eT s7f%nq %7e If smallesf pariide d ,s desirade fo remoue. 

**Generaliq OZ-rnmof sand- ^o,^H,r,rH^eujer5-lofoSOCuftperrr)illionqals.}5efr>^'^'^^ 

CO prone. o, ,rer.o, Po^ooocn 

dearmps 


/s ’5 tee ■ plate scretred to suitable back/n, 

t E I 


L • 


/ 




ELEVATION CROSS SE CT\0 

{from Up^f ream Side] [Through ^ 

ncj.c- PROPORTlONAL^WSiS^ 


vr 

PR0P0RT10MAL WEIRS.^ 

(I.) a=4.97dbfh-fl 
= / - -|- dre 

3j= Quanfify of m 

cu.fi per sec- 
for ei<.plonarion of other 
symbols 5ee ftg.C-af /eft 


T^BLt D- VALUE.5 OF ANoVb 

rw TTa !! vA 1 X/l. II Y/^ 1 >*/k-r 


0.3 

0.681 

3.0 

0333 

l4 

0.16^ 

0.4 

O.G4\ 

4.0 

0.295 

— 

IC 

O.fS^ 

0.5 

0.^03 

50 1 

0.268 

13 

0.141 

0.(b 

0.560 

60 

0.241 

20 

0.140 

0.1 

0.55(b 

1.0 

0.230 

25 

0.12^ 

0.3 

0.556 

3.0 

O.Zi& 

30 

ail 5 

0.9 

0.511 

3.0 

0.2 oT 




/Zlo/rd/fZXrZJk rZZt 'SZo.e * sn,;neer:n, 



5-45 


sewage: treatment- grit CHAMBER5-2 


GRIT CHAMe>ER 6c PROPORTIONAL WEIR - EXAMPLE OF DESIGN 


GIV£Nj ^ separate setuer system. - Average Flow • 4cu ft/sec.\ Peak Flouj^ lO cu ff./sec 
Average accumulation of grif * ^ cu. ft /million gallons of seu/age. 

REQUIRED: of channeh and proportional u/€irs. 

solution Channel Section. 


^•Number of units: Ont chamber ujll! consist of three umfs; /luo to occorrymado te pe 
ftouj, the third ajiH be a standby unit. 

Z P^qk in each channel - -- ^2 ■ 5.0 cu ft./ sec. 


ach channel- 


3. Cross- Seciional Area; 5 0 ca ft/sec. ; Velocity = / ft. /sec. (see note ^2 on e^. 5-44), 


Area above cres 


Lvelr (ex c tu si ve of freeboard)* 


5.0 sg. ft. 


4. Set fling velocity of a 0.2 mm. particle of sand fromTableAp.5-44 is found to be 50*/miru 

5. Overflouj rate ; From note ^4 on p.5-44 Overflouj rate - SOO x 50 « 45^000 gaL/day. /sgft 
or 0.07 cu. ft. /sec- /s^. ft. 

6. Surface Area : Each channel requires- b caff. /sec. . -j ^ ^ 


Z Depth and width: Assuming a depth of 2.5 feet (above crest of uvelr 
freeboard). /-a 

hidth - - -' 'Jr • 2.0 ft. 


exclusive of 


a SO. ft. (surface area} . c 

8. Length of channel: Length * — ^ . 35.5 ft. 


- 2.0 ft(ujidth} '• 

9. Volume of Grit Storage t Assume C'belou/ crest of cueir for storage of grit 
Storage space m each channel.- , 


Storage spacer 


12 


A 3S-5 X 2 - 55.5 cu.ft 


Storage space required is as foUoujs: 4cu.ft jsec.- Z.^milllon gallons /day 

Orit per day • Cx2.G- /S.6 cufi This means that every second day one channel 

has to be put out of service to be cleaned. 

Proportional kVeirs. 

i Values of d’ and b' : Using Equation (I ) given on page 5- 44 and assuming a value for 
d " solve for *b * f should be of such va/ue as to fit into channel ui/th not less than 


‘a" solve for*b*fb should be of such value as to fit into channel ujith not less than 
4 Inches to spare on each side). I4lith 5.0 cu.ft / sec; h* 2.5 ft and'a'- OJZ b' is found 

to be US ft. 

^ Values oUx~ gnd^y ': Jo find points On curved sides of cueir assume values of 'Y/ 
Yhen s^ubs JTfute /n Table p 5 - 44 ^find x/b and solve for'x\ 


5. It is advisable That the designer make a full scale droculng of the proportional 
uje/r to serve as a template. 


NOTE: Mechanical means 
instaHof/on 5. 5ome t/mes 
designed and eguipped - 


r of gr/f removal are generally provided for large 
combln ation grit and screening cnambers arc 
uj/th mechanism for cleaning and removing grit. 


detention 


rppinn - R ASED ON AVERAGE DAILY FLOW. 

PR1MAP.Y 5ED IMENTA-TI O N HOURS 


T— pre~c. di.g a.rafion_ hr>kjnocf! ^^d ^ 

gr— co n^_^onorsa;^d_^ 

C.h c.^/cc?/ pr(^cip/fc7'f'/on. 


0 


xa/m 


Vr,f.,flcn filters reclrcuhfion ofcma^nt 


p 1 tsiAL SEDIMENTATION 

Fr> f/a iv/na /o capac // y f rfck f/n g frffer 

T"! 's ^ !• rr/j.^ 


I.O - 1-5 


Fo.Yoiwhg h/ Qk capac/fy fricklmg fiJfe.r. 
Fo/fo ^v/ng aeroY/on ^onk /n oc// voYec/ 


OVERF LQ W 

P-fmory Saif ling Tank. 
Fn a/ -3 effl/ng TanU. 


GALS. PER SQ.FT. PER DAY 


0-12 oo 


R ECTANGULAR SETTLING TANKS- 

The Unghh of r ecYangu/or 

be from ^hree /o f \/e f'mes fhe wiWbh. 

maximum length of rectangular 

oniK/iAnV AFT TLING TANK- 

maximum length 


detention period 


hour 


hour 

/ 

hour 

I'/z hours 

2 

hours 


SIZE OF TANKS 

CIRCULAR SETTLING TANKS. 

Circulor Se'ti' I ing fonks> have, bsen 
builh wifh a d/anyeYer oF 200 ff. 
Most manafachurers make epa/pmenf 

f-o fit circu/ar -f-onhs varg/ng by 
2 fi. infer vofs up fo 50 ff. and by 
5 ff. in fer Fa is 30 ft and ove 


150 feef 


200 fee f 


250 feef 

300 feet 


DEPTH OF TANKS 

RECTANGULAR OR CIRCUL AR ■ 

6 f^ee-F 


Minimum 


Max'/ mum 


lO fo iS feet 


/Voies 


I Mechanical egaipmenf for sludge and acuoh co/feerron /s gere/an^g 
used for insfa/Iofiorvs for aver fSOO persons. 

2 . The defenfion period of hopper boffomed tanks shou/d be ase 
upon fhe liquid capaaify above fhe hoppers and /n 

capaaify above a p/ane pass/npMroughifefops of fhe roi 9 

or mov / n g Verr? gs> . 

h. Tanks, should hove baff/ad in/efs and ouflefs. 

A. Consulf Manufoefurers for s/zes of eyu/pmenf being sold; 
selacf proper width, dfamefer and depths for reefangu/ar on 

< # « y 


c/ 

^ Odm ppt fGcf /^norn \/<d n/ouB SffyfG of /ieo/ffi /cJtvvs- 

* ^ Oo ^ G fro nr> L /F>^ ' & ^G . 


FLOW IN M.G.D. FLOW IN M.G. 
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SEWAGE TREATMENT-SETTLING TANKS ? 


10 


<0 

^7 


I 


I 


VOLUME IN THOUSANDS OF CUBIC FEET 


30 


% 


too 


150 


/ 

/ i 

i 

1 

'o/ 

j 

1 

1 1 

J 

— 

/ 

/ 


< 




FIG. A 

P.EQU1RED VOLUMES 


OF SETTLING TANKS. 


I y/ y/^ f^XAMPLB : 6/ vcn , f/ojv - 2^h M. S. D.^ 

xA/ y yX c/efenf/o/? per/oa^ -2 hoars, 

-Y y yT A^ i ^a/r&c /^ vo/i/me o-f sg AH in p Aanhs. 

/ \/ Y yT 3o /uAJon . B/?/er char/ a/ h/o pv = 23 M.G.D.jnAersech 

r X ^ hot/r cAe/en/Zon ///?e, reac/ Vo A, ~2G0OO Ca.-fA. 

1^. — . ' 

// rhr fJoiATS o^her AAian shota/a move c/eclmo/ 

po/n/s An fAcw ancA vo/urne scoAes som^ number of 
pAaces, 3yomp/e ; / f fAoiv As . 23 uy-g. d. or 25 m. g. d. 
Vo/ame As 2(300 Co. fA. or 2G0y00 ceJ, ft. rcspecA/v'eAg. 



to 


FIG, b - REQUIRED AREAS OF SETTLING TANKS. 


pp 




E X ample : Given, floia - 2.i oyerfAoiy raAe = 800 go/^. 

s per SQ. fa, per Day, 

Repa/recA , surface area of seffling forks. 






5o I of ion , en Aer cAjarA at f/opv 2.3 M.G.D,, infersecA 
overfAopv = 800 GaAs,, read area~2,S00S(^.FA. 










■ --1- • 


For fAows oAher fhon shown 

move decimal polnfs in 

d ^ f la lA/ and area sca/es 

3a/?? e no a? Per of 
\ places, 

I ^cc example 

Nc - - 1 j Fig. A . 


<o 




05 10 15 

SURFACE AREA IN THOUSANDS OF SQ.FT. 

AAOTE: Ebr recom m &n de d de^eri'f’/arf per/ods ajyd P/at^ ra/es See Page 



5EWA6E trFATMENT-IMHOFF TANKS 


Tank lengths Common/g Vargfrony 2 B to lOO 
■i— B ^ cr/c t'n/'^es 


USUAL A RRANGEM ENT 
OF <MHQFF TANKS, 


-c 


IJ"/! 




^Flo 


j 


3 o/yy!s. 


^rr/ej 


t tf 


Tt S- Zn/e/ 3off/<?s- 


PLAN 

Ouf/e^ doff/e S^Sct/m Boorc/^ 

BaWes 0/7 6 oM e/7c/s h/he/y / 

revetja/ o/ /“/oy/ p/x7c//'cc<^ L 

" rio*v 2 /a/s- 7 > 


'S foB ' 


XT 






Pro v/S /on 


» < f f 

/o/' reVersoJ of recommenc/e</.^ 


- 

J. 


Si 


A^/> 7 ./ 5 'Vo?^^— h 2 i 
iV/cT'e • , 1 CX~~r' 

Cfecnou^ 1 1 ^ 

Mfr 7 ‘ 

4 ' ^ 

76 S/oc/^e ^ 76 ( 7 . \ 

Urn. Slof>e 3^0 \ ^ ,, 

(fee Fig. beUe/) _ 

SJudge P/p^- ^ 

a''M/n^ k— 

Pipe anchor^ 

pipe Sappori- 


"Oc/s f^en/s- 

'/gp h'FTp^- 


rV 

WJ 


SECTION B-B 


SECTION A-A 

To/o/ijasf^er// Prea s/roaA/epi/of 
^ 2 of-oi0% /ofa/ SarPac^ ar^a 

r— -N of 

r^jT] 

p/oji///?g or Defenfhn 

’^Ch a /Tiber copoc/bp of 2 /obfrs. 
\o^ overage f/oifx/ fv/V/i /rtox//r>u/r7 

\/efoc//p of f /oo^ per m/nu^e , 

—/J^uiral Zone 

2 5fu</ge D/pesfio/r Cho/n^r 
— 3ee rahi& o/ rfghr 

1 B/opo 

VIZ 

Digesl-ing s/uc/ge 
should nob rfse 

B-B abo\/G loLu&r level 

of neulra I ^one- 


h/o/er /eve/ 


hin feet 



Sludge bed 


& in feet' 


Hydrcstjlfc Slope jhoa/d be a 

/7T//7/rr7ij/n oS 0 /2 fl. per' fd>c:>/'^ 



type I 



TYPE IL 

Deshn da fa sho^/r on Ih/s page 
opply /or ba/f? /gpes^ 

r/\opr \T\f FOR IMHOFF TANK 
SLUDGE COMPARTMENTS 

recommended by IMHOFF ** 

CU. FT. PER CAPITA , 

northern 

STATES WITH 

S17E OF CITY SERVED LONG WINTERS. 

and character Com&ined 

OF SEWAGE- SEPARATE systevi 

SVSTEM WITH GRIT 

chamber 


S.G 


1.2 


L 6 


1.8 


2.7 


Small plonls fv//ble.s^ ^,4 3.G 

than SpOO populofion . 

hlormal C/lg pJo/^ls yvhose 

Se^^fe 7 ge Co/ilol/rs So^ne 1.2 1*0 

Irodes w<y.^/es- 

C/Vg plorrls y/hoJe ser/age 

con/a/ns art ob/ 7 ormol ^ ^ ^ y 

omoanl of s/uc/pa fomi/g^ 

/rode.s ivas/e^. \ 1 

TFe reconm^rtdec/ ctrpae/fiej for fh%t larger 
plarv/s ore somcp/^l lo^/er /hart uaec/ ir7 
rece nt Arm e/'/aon p mor/oo . 

//07£S: 7) In y/armer climales, tvbe/e d/gei/nn 
/x /no/a rop/dp moller volu/nes /nag be used. 

2.J Ve/v York J/ole /feparl/rre/Tf of 
Pen///? regu/res 20lo3.0 Ci/.fipercaprlo 
for ^epara/e xgslem^ and 3-0 f^r 

.^cfs/or-r^S' as a r^in/rnc/m. 


* Carnp/fed from Various .S/<y/e 3aar<d o /“ Peta///? /ctav^ 
Oca/a /rotm> £na. l/ew^^ Jan G. f9/6 . pp 1 9 by H.lmhoff 


I 
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SEWAGE TREATMENT - CHEMICAL PRECIPITATION 




<£• Chemicat 

miKtng chamber. 
^F/occ ij/a^or ^ 


Sedtmen iaiion 
lank. 




Eff!uen4^ 


Chemical PrecipHaiion Process consists p^Ae^/co/ Feeder 

mixing chemicals v^Hh sey^age lo produce a I y Sevxage <£. Chemical 

ffoccufeni- prect'pifanf which /'ncreoses and I * ’ l~miKing chamber. 

hastens sedimentation of the suspended I / F/occ u/ator Sedimentation 

salvage Solids. Chemical Precipi f-oHon 

Plants cost much less to construct than 

tgpe of secondary treatment plant and I ' '^Ef/iueni ^ 

are particularly adopted to ivide variations I 

in seasonal requirements and Conversions [ DIAGRAM OF CHEMICAL PRECIPITATION PLANT 

P'‘"PO'~y plants. The principal purpose of chem/caf treatment is to reduce suspended 
so/ ids and S.O.D. and to obtain a clarified and co/or iess eff/uenf. For comparative efficiency 
Tab/e ' C, Pg. S-40. The sewage is ono/g^ed to determine the kind and quantify of chemicals 
necessary to obtain the required results. fffter sewage has passed through screens 
and grit chambers, chemica/s are quickly mixed with it. The mixture f/ows to the 
f/occufent tank which has a detention period of from IB to 30 min. It then enters 
the sedimentation tank, where the detention period is from I to 3 hours. If a 
high bacterial removal is required, the final eff/uent should be chlorinated. 


CHEMICAd- 


CHEMICAL 


Ferri c 
Chloride 



M AvR K S 


Prefermbl« for iludfc coaditiooiDf in activated iludfe. 

Moat ecoBornical fur pianta r4|uirin( mure than 7 tuna of iron anoually. 
with facUitiea for handJina it 

AvailaMe aa anhydroua. aniid, lunip, ur aa aqueoua aolulioa 
Can l>e made locally uf chlorine and iruii ur ateel acrap 
Hoc forma aaliafactorilv at ull lenrueraturea 
SuilHlile for oaidixiiia MtS with hiaii aH. 

Highly c((rr««ive and difficult td haoale. 

Sulutiun niuet l>e atured and bandied in rubUerdined cunlainera and 
pipes 

Useful in odor and corroaiuii c<;ntrol, fnrmina iron sulphide with H|S, 
and IB nut alwurbed by urcamc matter Cheaper than chlorine fur 


the purptwe. 

Coa<ulatea beat with pH beluw 7 0. uptimum at 5 5. 
Generally r<»naidered the beat roa^ulant available. 
.\ntiripated percetitaae removal 8 8 - 00 -05; fi.O D. 80. 
Duse at upliiiiutii pH » 2 0 W 2.5 ar. per gat. 


Chlori'na^ecJ aludce conditioning in activated sludge 

Kcnnomiral lor plants re«iuiring more than 7 tons of iron aiiQually, with 
copperas facilities (..r handling it. 

t'oor at pH 7 U. good at •*< 5 and It t) to 0 •*> with dose of 2.5 to 5 9 gr. 
per lal 


FarrvoS 
Su I phafe 
(copperos) 


per gat 

Fer cent reduction 8 3. hO-;iu and B.O.T) » 70 HO. 


pH greater than 7 7 favors nxidatian to ferric hydmside. 
pry-feederi not easily used because uf caking, but are used 
Tendency fur cheaper grade* to cake during atorage 
Hist coat IS relalively low. 

Widely available as waste product from ateel inilla. 
(tplimum pH about 9 0 with doae 2.5 to 5 0 gr per gal 
Overdose reaulls in undesirable after-precipitatioii 
Csn be fed in solution form. 


CHEMICAL 


Fe r r I c 
5o I pha^« 
(fern'sul) 


Alu 



Cloy i OIKtfr 
iWrt mffterioly 
Benfonrfe Cloy, 
S0nd« (Kbws^os 
fib«r» popwr, tftc. 


Lim« 

CoO S quick. 
CqOH = 
hij^ra+ed. 


More effiraciouB than copperas or chlorinated copperas when used with 
lime 

pH heel about H 0 to 8.5 with dose about 2.5 gr per gal 
Per cent reduction 8.S •• HO and B O I) • HO. 

Can be fed dry or aa a liquid 


Not yet widely used in sewage treatmeot 
^^Domieal and eonveDicolly bandied. 

Can bcuaed with dry fe^er 

f H range from 6.0 to 8 5; above 7.0 moat practical. 

)oee 5-t>gr. per gal with per cent reduetioo 8.8. • 80 and B.O.D. > HO 


Not yet tried on plant aeaie. 

Dosage* of 100 p p.m. in lab. have given eiocHeot rcaulti. 
Bentonite floes readily over wide pH range with naUiral alkalinity 
Materials other than bentonite not yet developed practically 



Ck lorine 



Can be dry fed 
Is Qon'corrosive. 

Commonly oaed for upward adjustment of pH. 

Quicklime must be stored in dnr, steel tanks and most be hydrated 
(slaked) before uae. Dry byoiated lime can be stored in any ^y 
place. 


P(W<orrosive. 
Can be fed dry. 


Corrosive and totie. Can be stored in cast iron, lewd, glam, or rubber. 
lle>|uiree special doaing equipment. 

Useful in ^or and cooereie rorrosioo control and to control flies and 
ponding un filters. 


Optimum pH 5.5 and 9.0; gr per gal at 9 0 - T>, and at pH of 6 5 • 
2.5 to .■U) 


TABLE B- AMOUNTS OF CHEMICALS USED &■ RESULTS AT VARIOUS PLANTS 



Sewoge 
Flow Cherrt- 


Coney Is/ondj 

N-Y- 

'Z'Z.Q 


75.S 



Trcaf ' 
ment, 
lb. per 
m. y . 


191 

546 

105 

345 

IS3 

188 

340 

101 

135 


Suspended S ■ Dai^ 
Soirdfe B.O.D. 



IS4 


GO 




39 


IG9 


IS3 


G8.5 lo8 5G 


G^ 


98 48 


?0G 


New Brifa i n. 
Conn. 



Cop 

Cl 


41.3 



*78.1 x'l'l 


I &G 


GG 


75.Z 


P/<anf 


Sewaye 
Flow Chem 
m.g.d- I 


Trea+- 

rpent, 

lb. per 

m. y . 


Suspended 
So I td & 


S - Day 

5.0. D. 


Row 


% 

R«movdl 


Raw 


Kew Bri+qtn, Conn. 


El PdSo, Tex. 


Danville, 111 . 


Dwrbom, Mich- 


Perfh Amboy, N.J. 


Buf ler, Pa • 


hades Volleti, 
Ala- 


IOG.3 1 1 3G 


*77 339 




3 


84 787 


8 1-4 20 f 


Removol 


14.4 


G3.S 



Cop. = Copperas, CaO - L/me^ Cl - Chlorine^ F.S. ' ferric Su/phafe., F.C.~ ferric chloriJe. 

^ From Sewerage <f Sewage Treai-men-f by Haro/c/ F- Babbiff. 

t Yl. t>on^fdsor? Chemrc^l Tf'c^fnicnt of Moder/? D/spao<\} FS 5 Fader^f/on of 
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Qpu/Afqp TRF ATMENT- INTER^TENT 5 AND FILTERS 


TABLE- 


adacityof sand FILTEP."^ 


effluemt 


per. acre per 
® ^ ' E p. age flo w) 


fAV 


Hltng tank 


75,000 


\ 5 0,0 00 


Trie k ling 


f-F/u 


900.000 fo 400,000 


s^afed s/odg 


fffoe 


n 


2)00,000 fo 600,000 




{ Aits^nd passing 74 5 
effcc// 7 e size O.hmU/irrftrfer 
^oO.Smrnmefer. Un/rorrr^ky 

CoeFficrenf noF o>/era.O. 

'/ 2 "io i'eravel 


I. Copac'tfy of dosing fank shau/d 
large 


a depf/y from 2 fo 4 inches. 

l.^ach filter bed should receive 


t 4 4 * ^ • — - 

either / or 2 doses per dag, preferahig 


3 Torpedo Sand 

^ S/^e o & io -f — 

/. 2 mm> — 

J 

Is 


/ ff/Yzvei 


G"" Minimum 


\{UneFerprc7/n - open Jo/nF 
nV/Vr/Y/ed hVe or Farm hJe 

\mFn/rr>o/r> Y . 

y/f beF^een p/peS, cover Jo/nfJ 
\uvif-h muslin, bur/op or cheesee/oib. 

XYPICAL SE.CT)ON OF SAND BED 


3 . Rate of discharge ofs/phon at 
rain/mum head Csee page Sp) shjy/d 
te betiA/een once and a ha/f and tfv/ce 

the maximum inflow to the dos/ng 
tank, from the self tin g tank. 


4 . Aver age rate of dosage shoa/d 

be about fcu.ftperjeC.per5000Sf.ft.areo. 


Inffu^ni pip^ 

(2 fi. co\fer) 




D/siribuhng troughs 

ihinodj* 


Partition bank. Maight above 

iop of 3 und /B[ iv/dih of rop 

of bank 2 ft. m/nimunn. 



Control gates for proportion^ 

inp f/oUV. 


Concrete or Stone Sp/ash- 

A e 




CJconoui Moohofo . 

Tighi’ Cover fo keep sand out , 


1 


r 

Oats/de emhanA: men is, 
fop iriidfh B ftm 





\ ; 


' W DU I 






Whified fife under drain Coffee for. 


Underdra/n d"' Diomefer m/n. 

Spacing fZ ff.O.C. moxirnum, 
trjinifTnum jfope O.Ot //- per f oof. 

Dosing tanh. tuiffi siphons • 


'V • ' / 

Sum metrical ohout^^./ 

. Y 

Pff/uant pipe- ^ 


//OTPS: h Size, shape e grouping 
of beds depends on topography. 

2 darge infermifferif sard 
A filtration plants, heds having areas 
hefpvcen ^/4 d I acre are desirahie, 
Forsmof! plants, areas are n 7 adc 
/ess to avoid f/irotrfing fa rye 
proportion out of use dur/ng 

ctearring per/ods • 

^.Mfnimc/m distance 
from residences about /7i mi/e. 


plan 


D/.s/r/Sufing /roughs. 

j 


J. 5 or 2 


1 




Qrovef. 


Un der dro/n 

Underdrain Co I lector. 


SECTION A^ 


FiffHPF E) - TYPICAL layo ut OF SAND FILTEt^ . 


CbmpHeei from Yar/ous S/afe OooriV ai Pea/Fi iar/S. 
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5EWAGE TREATMENT-SAND FILTER DOSING SIPHONS 


RATES Of Discharge 
PEEP seal Siphon- r pEE discharge 

TTTTTTTTTf 1 I 1 



*/&<?/£> / J 

HEAD - TO INVERT OF 01 SCHARCE - r T 


< * / 


FIG.B RATES OF DISCHARfiF FDR 
SIPHONS DISCHARGING INTO 

OPEN TROUGHS. 

/^OT^: An average af rafe.s of M/n/murn 
Mox/rr>arr> Heaa^ t^/// g/ve a fb/r es^/z-ryafe 
/orase /r> cfeferm/n/ng //me /o e/r?/>/g £>os//yp TanJb 


TABLE D- MINIMUM DISCHARGE 


DIMENSIONS OF SIPHONS. 


0 \MENSI 0 N 5 IKJ inches. 





OISCHARffE 

iM 0 P.M 

C,E 

MIN.HEAO 


140 


270 


4 SO 





JO 700 


12 !200 





sVz Vk 


6^/2 


3'/2 V/z \o 





fZ '/2 




14 fSOO 5 14 ^ 4 . V/z /6 


fG \2750\ 6 \!6y4 \ 3 1(o 



f& 


20 


f 8 


20 


24 


25 


?3 


32 


39 


44 


48 


5t 




fO 



12 


50 


36 


36 


39 


42 


42 


43 48 


3 € 


42 


48 



57 14 43 60 


ffOTE: Mqx- /n/^/oi>v m/o Dos/ng TbnJk musf jbe /ess /Son 
S/pb^ (//scAarpo o/ /n/n. heoc/ or S/p ban y^iff no/ c/oje. 


DOSING Ch'AMSy.-Q 




A. 


• i ‘ 


V. ' 1 * 

K ^ 



I? ^ 


I 


i 


' I 

! j 1 


V\ 

t t 


> 1 

p 

i:. 






'/j 


. 1 i . 


p ^ < 


r 


- r 




FIG. A- SINGLE. SIPHON 


OTE T\a/o Siphons in seme fonk, can ooe '^o fe 

alter f/ofelu. 




.*-r • y^rzOOSiNG CHAhJ&ER 

. .j ’ 

*5 I •' ^ 

» "371;, ' ‘ j j 


i > \ 

I ■' t ^ 

' 

'* '/ yfj/ tr^/s ^ . 






A 

. \ 

'I 

, J 


\ J; 
1 . I 


Center One 


X 

^ ’ 


A\ ._! of staff in q 

T T T j) 








/ I ' 
( ‘'\\ 
V ; 


FIG.C- PLURAL ALTERNATING TYPF A' 

f/07^’ P/ura/ Alfernot/ng Type '3" kvor/s 3y means 
of a sfar//r7g c/ev/ce on venf Unes. Hoi no s/orfing 
h/effs or inferaonnaef ing p/'^s fz/e Type A ", 

M^RE5TRICTI0NSQFU5E OF sTpHONfi 



SINGLE 

SIPHON 


S^ffing 



DOUbLE PLURAL 

alternating alternating 
siphon siphon TTPF’A 


So^Siphoryz 
occurakJy 5ef 

of Some pJhz. 




PLURAL 

LTfRNATINS 
IPHON nP£ 6 



Volv^ 


A/one 


\iane 


Pm v/efee/ /o 
cuf oog one 
S/ phon out 
Of opera f /on 
yr/>ay 4 <f't(is«{\ 



sfo 


A/O 


Af/n- 49. 


AfaX‘ /Vp 





Yes 


2 


10 


a/o 



3 - 0 “ 

3 - 0 " 

3-0 

3 - 0 " 
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SEWAGE TREATMENT 


TRICKLING FILTERS 


data for trickling 


ALLOWA 6 LE n AV 

IN PnuKJD S PER ACRE F OOT PER DAV 

— ' -r^ high rate 

&.O.D.OFRAW LOIVORSTANDARB 

SEWAGE. p.p.m. BATE FlLTtRS 

l 0 r> 6 R fc.O D. LDADlWCft 

fna TOO ~ 


ITEM 

Oep^h of 

Sr an e . 

S/z^ of x/ones, 

ij/T/ronnfArotJghoU^ 


STANDARD or] HIGH RATE 
lOW RATE FILTERS FILTERS 




3 'O “ 


h2/tJfaf»rrif 


less ^ho '1 fOO 
too fo !S O 

!50 h 300 
300 hs Z50 
A SO ^ 600 


4SO 


2400 

3200 

4000 

4800 


I'/z 'h 3 


RreAjorz/esa/,^ usee/. 

(/sea tn paste 

Pnnn/prvc//ce s/^aas i,se,/. 


AOos/r>p TisnA, AJiMays used, //ever used. 


4/tvoys used. 


us/-,y h>gH Uo/u^s of /oodvhy on fi/Ur. ^^/oh Mey Mf/// 

shou.'dSB oonsa/Md /o 5.O.D. /oncAnp of/fZ/er depends 

uf .ennovo/ dessr^d. 

%yAMP/ G/ven : I PopuJohon -10,ooo. 2. Pes/c^en/Jol /on^r, /nc/ud,nffe>rd,oary con^nseroyo 

es yoS.'-'s Xrr^en/s- -separo/e sxyr>/ /ary sewens. , . ,,. 

l.r,o.rJit-IF,.s4a.p.ony, f-^'^2%..S^Ty^'5a/°-T7oo-. 

!700 X =/• /OO <7‘’4’- prr ,:y/f<.p*r <7^. 


XO.IV t700^ . 

pntmon^ se^/Z/nff ZanAiS^ 


/nspac^/o.'j Sox^af £>ofh cn^s, 

CO 'derad tv '^h rernodoS/e 

yroh'ny ■ 


j^Zf/oertf Chanae/ codcreef 

Ope/7 JoznZ precosZ r/obT. 


Jnf/ua/^b 


Doj/np TanA^e 


^"'•s^lj^sssL 


— o 


r 


aeyl\ 

P ^/fer Bfcck Cfndtrdra/n. 
/% S/ojste - 

Z/trif/ 'ed ^Zcp Pipe Venir 


1 j soacw^ ZO'o.c- 

’ f . 

-j-- Cor>n0c//np j^i/~ C/fanne/- 

^/j/r/Sa/af jP/er". 


tVo S/o, 


I 


D < 

/% 


-- -O---0 

/%S/bpe 


I 


lohrob 


By - pass 

'’ Orat/nc/ 






PLAN 


yT^Zudd 

FIG.B-RECTAWGULAR H^TER 

WITH FIXED nozzles. 



/^oZ<7ry D/sh’/Bidta 


y/> Xgx>/s 

Ch&nP/e / 


V/iwr 


/me Pit^r Sfanm 


^i'rttsh 


CTTTn 


^Ca/ycr. 

£ff/ija/7f Chonaa/ 




SECTION! A-A 

MF^.c - circular pii tfd with rotary DISTRIBUTQE 


SEWAGE TREATMENT - ACTIVATED 
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SLUDGE-1 


,vL' ° ^ T ,'?L UDr,r Process. - Th„ „e//,orf/s upon 

d;r,ons Jkirh nJl ^ number of bacteria /o nou/i-ip/y ,n s/udpe under con- 

ab/^ 7bl d 1 onoer-ob^c (pu^r, facfve ) . decu conc/d/ons ^b/cb ore favor- 

and fhe ocf^o^ed sfudgeds m,\ed ^db sewage 

ddrbn ^ oy/c^cr//oo. df^er f be mixture feaves th% aeration fan ks if is 

of fhe^^d/edt'J x^bere fbe s/udge sefffes. f) porbion 

banks and mixed ^db bbe inhuenb seepage. 
a7r f/iJ7aba°" of design of differenb bgpes afsgsbems. -5ee Page S-SS fir 


Rtr Mam 


'( fn^erme'^/a^e 

ff/& ^ Wa//- 



^3 


*»* • 


Otf^user 
\ P/o^^s" 


. t ^ j S^a^tonpru ■■ 

'■ Tubes / “ 


A 


m}' ,#' • ; d ■ ‘ • 4 

*.' • o . i. •. , \ *^ . • 


FIG. A -AERATION TANKS. 
3IFFU5ER PLATE OR STATIONARY TUB^TYPE. 

Diffuser p/afes or bubes on one side 

Suppfg abr and cause spbra/ burbu/enb ffow. 


Si' n\-._ />?%:, 


T-ah 

l?^ 


PU A N 


Pfa^e C/om 


Support ban «/?' 

Df*ftj%tr Pfotes 2 Cas^/fn, 


^ps 


/S 


n 


• ■ • -a- — 


section a* a 


1 ^^. ;■ . ... . . .-. .d^ E3§^ 

section A-A SECTIOKJ &-& 

RG-b-DETMlS OF A DIFFUSER PLATE CONTAINER ! 

Used for sptra/ f/otv as shoujn m Fk^.A 

These corr^at n^rs may be made of a/urntnurn 
or rein forced concrete The p/oies resi 
on surf able gaskefs^are held in p/oce by clamps. 


Mechanrcol Aerafor ^ 
loiV head propeller Fkjmp. 


Con foci wdh air 

Turbu/enf 
f surface. 


■lii *1-111^ 


Pi ffuser 
cone 


Draff fvbe 


Ora/n 


Position raij€c/ 


HVo/er if'na - 

i6-<i /ojo'-o 
-kne^ Jo/n! • 


O/rpor&r ‘n 
Tube Z 


• 


• '# 


I aJ • 


FIG. C- AERATION TANK - MECHANICAL* 

levs/ head propeller purnp fhrows serfage in 

draFh hibe againsf dif Fuser cone, provitAmg aemfion 

af surface of fank by d/reef confacf and surface 
egifafion. 




V'- . 


f ♦ • * • * 






. •. A 


' I 

FfQr.D-AERATION TANK ‘SWIMG DIFFUSER^ ** 

Dtffuser fobes on one side supp/u air and 
cause spiral furbufenf flow. 

Tubes may be examined, respoced, cleaned 
O'" replaced wifhouf erryphying tank. 


Period of Aerabion (in hours) = — ; Capocify of Tanks f Cub be feef) 

liolume of Seu/age floeu + Volume of refurn sludge per hr. in ca. ff 
nerarton Tank copact fy based on ai/er^oge flocu. 

Pumps, pipes, f/ocumeber, ebc designed for maxirnum f/ouj. 

* TAe permeabi/iby of a diffuser p/afe is delermmed for fhe number of cu. fb ofomper 

mmube passing fhrough one sq. fb. of diffuser p/ale under a pressure eguivo/enh bo a 2" 

column ofyaber when Ihe p/abe is dry and bbe femperobure is 70° F. Pre senb procbice 
/S ro use dtffuser p/afes vutfh a permeabilt fy from 70 fo SO. 


ce 


^0 


From Chicago Pump Co. 
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SEWAGE TREATMENT 


ACT I V AT E D 


5LUDGE-2 


-TAP-I FA- BASIS OF DE5\QN. 


SYSTEM OF 

aeuat^oh. 

Mechanically 
opera f" Q 

a/Jf f 

Jjc/raf 


RECOMMENDED 

USE.. 


for f !o^s 

Up ia 

/ m.g- d- 

Por 

over 

t m . g - <^' 


SEDIMENTATION 

TANKS 

IDETEMTION 
PERIODS. _ 

Pr/ m or ty 
30 ^ QOmtn. 
Pina / 

^ ho tjrs . 

Sam c 

as 

oha ve • 


DIFFUSED 

AlPA* 


AER ATIOSJ 

TASJKS. 


CTIVATEI 

SLUDGE 

RETURN. 


POWER 

X)NSUMPTlON 


ISioiO ' r^id* . 7 ion~ 25 y* H fo 14 k». 

deep.0e/rnf/o<7 p*r/pd fferm.g o> 


V. 


o ry e 


6Ars mJa. groa caacc/Ag 

hosed on doiJy^ f ^ 
7S%, for refurn 
ac/ivo^^^ s/i/dge 


jii/dgo 

Mjckererx 


S arr>e 


p/a 

S / 


crSo ve , 


Sekvage* 

.tS/cJSU 

Ik.af&S.d.rt 

Same 

os 

above i 




m tn i mt. 
plan /S 
produc 

air fan 


7 


saf/s ra<=^j=ry e pJahe/ g/a/Pi ® ^/oen^s. 

*s7p^J^fo//o^xr.anorppa/^,a^Jon^ 




0 ff/i/er?/ ^ ^ f p 

\.-airuse<^ au^ fh per gaj- or 

radtory per/ocd ^ />rs. /<» 3.4 hrs- 




mi 


I 

Pos. + ive Prpfisure Blower (Connersville Q^d Root T^pe 





t/ 


Id 


I 

CenVrifugol Compressor (General Etectric Compon^) 


tHUr 




Oifrter 

fiOMT 


AIR 

Ounxr 


AIR 

IHLIT 


mitr 


f^i/rur 

P^T 

'^n/ATeR 



AIR filtratiom_ 

Under norma/ con d,'f io ns ojr- 
COn/atns forge quanfri/es of dus/ 

and oi/->er /mpunf res. 

In order fo prevenf fhe c/oggmg 
of diffuser profes, if is necpsarg fo 
ihorough/g clean fhe o,r bepre d 
enters compressors. for this 

purpose c/ofh fUfers, err Rashers, 
or oil cleaners are used. Confon 
f/annel and /O ^r 20 oi <duck mag 
be emp/oged ^or c/ofh f/fers^ The 
af/oujob/e rafe of fr /fro fan fhru 
such media is abouf 4 cubre feef of 
air per sg. ff of c/ofh per mrnu fe. 

Air wo shirs infercepf fhe dusf and 
offer f/oafmg porhc/es Tfii^,ir 

iefs of wafer spraged //irougfj fhe o,t^ 
/n oi/ cfeaners o/gghf or / ts app/red 
fo a me fa// ic medrurn. Thts arrar^gement, 

y^h/ch causes a forfuous passage, re - 

moves fhe dusf by refornmg on fhe 
o//g sur faces. 

“ sludge thickeners" 


Hy+or Compressor (Nash) 

FlG Ei- TYPES OF AIR COMPRESSORS 


5 man mechanicallg c/eaned fed irrren- 
faf/on unifs freguenf/g used fo 

w///^ reduce wafer con fen f ofaefrvafed 

sfudge fmm 33 % fo 35 %. This reduc- 

fion w/// decrease fhe regurred volume 
of c/iges-hon hanks. 


♦ heefer^ SewAge T^eAtmcnt l^arAs, Af- GrAW~ki/f. 
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SEWAGE TREATMENT - ACTIVATED 


5LUDGE-3 



FLOW QF MR IM PIPES 

^\1 1\ ^ FRITZSCHF formula 


5’ 

a • 


P“ - i. -- ^ t q . FRITZSCHF FORMULA 

1,000,000 pd*^ — ! ^ 

drop f r> pr^ssur^ try pQunc^% P^'~ s^uo^e '^cP o^ ~ ^oo/ or o 

obso/u^m temper'a^ur'ff' /n Po^ rery he.' ^ - ^ecorc/ea" m d&^rees 

Cub/C f^e^ of free air per m/nu^e 'ZO decrees fah-erhe/h 
abio/u^e pressure /n poartc/s oer square fh'zh : qaqe oressu^s^ '^ 7 
c/fome/er of ^be p/pe /rp trpches. 


- (Z 



table 6- economical maximum 

VELOCITIES OF AIR FLOW IN PIPES. 


lie OF 
Pi PE 
INCHES 



maximum 
7ElOC:'^Y 
FEET PER SEC 


?(9 


SIZE OF 
P' P£ 

: N C H E 5 


MA.X! MUM 

VELOCITY 
^eST 5EC 


to 


fZ 


14 



table C ' POWER REQUIRED 
FOR COMPRESSING AlR. ^ 


Final theorE'^'CA lI f ' n a _ ^TTSrFmcal 

PRESSURE \^0PK"ro COM I PRE SS'J»f! a'OR K *^0 Com'^ 
OP AIR FRESSlM'L 'ufoFA'R PJifESS^MiLC-o 
Lfe. PER FT, OF FREE AiRj L6 PEP FT OF FREE A^R 
SQ INCH HP • hr n SQ irKH HP - hK 


Of 9 f lA ,0 p«r 1A pwr )OOPf 


FIG. A- FLOW OF AIR IN CIRCULAR 
PIPES. M0RR1LL5 CHART. 
BASED ON FRITZSCHE FORMULA* 



7?. 3 


/4a.o 

ZOO.S 


zas. 2 


364.7 



490. Z 



TABLE D- RESISTANCE TO FLOW QF AIR THROUGH FITTINGS. 


DIAMETER 
OF PI PE 
IN INCHES 


EQUIVALENT LENGTH OF STRAIGH^ PIPE IN FEET 



" e 

V E 


ANGLE 

VALV e 



LONG RADIUS 

el&o w 

standard ! 
E L e>ow 1 

/ . 7 ' 

3 . G 


S' DE outlet 


to 


17 




2 


Z 


3 


6 7 


6 . 


to. 3 




7 


4S 


70 .2 


2S t 


37 3 


40. 3 


43.7 



Z4 . I 


3 t .b 


3 3 .^ 


S5 . 


12.1 


3 


i f 6 . t 


t41 .7 


/ 7 7 . / 


20 ’ 



2 


3 


6 


S 


// 


/4 


20 


24> 


33 




S 



23 4 


? 


41 3 


3. 


^7.3 






fOS 2 


134.(0 


5 S 



from Mctcolf Lddy ^ Araer/ c^a Sen^e^tsyc P'^oc^'cc >/, 7 










SWAGE TRE ATMENr-5LUD6E DI6ESTI0N &DRVIN6 

r TABlEA-5LUDH>l-«""'’CTI0NWbWI»Fpcai;M^^^ 


TYPE OF ©E WAGE TREATMENT Pl-AN i - 

Plain ioni 

shn crfc’ capacJ/t^) / r/ckf/ng fi/fer 

Hiah coDac/ii/ /T/' cMf/op fi/ier ^ — 

scd/men/o^/on che^/ca/ precipihiio^ 

^o//yo.^ed s/cjc^g^ 


GALLONS OF KLUDGE |Dt 6 E^ 5 T>ON_|^NK CAPACITY 
produced PfPMIttIQH CUft<C ESET PER CAPITA^ 

I /’ic <LeUL/^A&.^ MBATCO I WNHBAXBD 


3000 

2.0 

3.0 

700 

?.S‘50 

4.0- 4.5 

4000-^000 

25-3.0 

4.0-4.5 

5(00 ^ 

3.0 

4.5 

13, 400 

3.5- 4.0 

5.0- 6.0 


^ ppppu^- rinM IKI nifiFSTlQN TANKS. : The ges ^hlch re^ulh 

BPiS^isA 

s»"4 "PSsntnf, 

^ rrJ<^/< 3 rLy 


zom^^ ^ mo/sfur'e^ ac>r7r . 

TABLE B-SIZE OF ^ ^ ^ 

type of sludge per capita. 

Imh off iank sJuds^ 

5eDara/e s/ud ^ cP/gesi/o^ 2.0 

Aciiva/ed s/ ad^e (c/j'^es/ed) 

/'or ^/ass oov'erecd heeds, ase SO/dS3/o 

va/u^s* 




:i 

vs 


bM'tn. 


(o' sor 7 <^ pass/off 'A S/eve; e ftecrrve 

'03 /o 0.3 ^i/f/rrieii-cr; an/ Porn-, 

Unde^ro/n Jpen Joint Vt tr/Y/i^ ^ 
Tfle or Farrr> T//&» Fze 4 , 

I ; Open Jo/n/s of>/ 4 ''co\/ereo'e//Yh 

mt/sZ/n, tur/ap or cAeeJV doth. 


TYPICAL section OF SLUDGE E>ED. 


d/dth of s/adge beds 
(/SuoZZy rnceZe fS to 25 ff 

. r I • ^ 

Unc/e rdra)n rr?} n't mum 4 

5 pac/n^ 8 /‘o f 2 f/- 0 ,C* 

Mfh/zryum s/op^ C.OfFpcr^oA 1— 

5 upptiuncJ/ng k^oNs ond 
\pnr///‘/cn banh^ he 

Concrete, \Mood ond earf'h 

embontmerfb. _ 

The recommencAed he/ghr as 

JQ^abave fop of Sand, ^ 

UOT^t SJ^ze, shape grouping 
oFbeds, locaflon of roods 

{access for epu tpmerd fo renTove 
Sfudge) depenef on fopogrophy. 

Possible f oca f ton for fro c 
fors/u<d^ecoffs. 


\z High pfanh 


I 


|1 


Mh/mam s/ze of ptp^s used 
fo ddi^rs/ud^ io beds 
‘ sheu/d he 8 C>f /reader, 

C "C, /. dis fr/butor. 


TLi 

CO 

lLi 


CP 


1 — J 


1 

1 

r 

n 

u 

|r 

M 

LI 

11 1 

n 


n 

j 

n 

1 

n 

J 

1 

n 


g 

IH 



u 


IT 

1 1 

IIU 1 1 

Jn lU 

Ui 

iiii 

t. V" 


p/ofes^ 

Underdro/n. AfJn»s/ze 

-I ’l' 6'ls/ope O.OOC'per/i>ot. 

« Underdro/nage of s/adgo 

-S V beds,if po^s'/tde, sZiotJid 

'*>1'' be returned to pr/mory 

-^r tanks. The anoZer- 
/ d/~a/nage shoaZd ar 

■< /oast be ch/or/rrated 
^before ffnat d/sposaZ. 


l/nderdra/n Co/f eefor. 


m 0 


PLA 



Cone, orsfone sp/gsh 

^fp/afes ( bofh r/des). ^ 


slope 2%\ 


ter fffitz:' 



''■■ — (Jr*derar 4 ‘a/nj‘ 

A-A 


SECTION A-A 

FI& . C - TYPICAL layout of sludse seds 


^ Oefa from Melc4,ff fddy^Americon Sewerage 
pfanu faa/^r^rs sdou/d he cs^n^id/fac/ 


fh^eftee, /V- ~Mtll 

^a/prsnenA /or dry/nf 


s/ua^a hg v^aCi/a/Tf^ ef^ 
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SEWAGE TREATMENT- DIGESTER GAS & HOT WATER LAYOUT 




m 





• \ op^^AOH/ 



n n 










o 

•f» - 

I '^‘t 

^ "i 

\ 

o ^ 




\'ya©:\\ 

:ix. ^ 

\ ^^' IG 

\ ©X 


\ 


-\ 


-.%© 


*«* 

xt 


-< -0 


O 

^ 'T 


\ 










-i.- 


’*' 1 . 


CM 

Vu 


1 


o 


' 2 .'^ 


a ' 

■D 

O 




a^^-i '-.■»• 

w<\^ 


^ ^ ^ C\ n 

c\ 


vA 

L'5'-,.0 


\ 

\ 


I ■<*' '1 ■*. 

- • X 

■i\'i V r 

j, < 





V) qr 


V 

N 

^N Kj 




6 © ©|©|©|© 


. «l 
<k ? 

? $ 



^ s 

j 

c^ 


5 .5<i5? 

Sjs 's 

^ S^ Ok 

* ^ r 

^ !? 55 


q 0^ 

N s< 5< 
^0 


®m 


n 



V9 ^ 


o 

y^l. 


^ Q 


9X0 

Cl 




// ^x: 




U'l 

/V'l 


0 

0 

O 


s 

\ 


AVYr-fY ?/V/i^7A/ ION 

fXTdJl^ JJ/^.^7r 5 > AJJjtff jO 



















TABLE A 


rui ORlMF. nOSAGE BASED ONI AVE RA 6E FLOW. 

r ooiiu a5<. Pfg wiuA 


type, of effluemt 


million I POUNDS PER M»LHON 

' GALLONS 


Rav^ 


Sedimenfafion -tank effluent 


Trickling fUfer effluent 


20-2 
/5 


166 - 2 


16 


12 - / 


too - / 


Sand filter effluent 


6-10 


50 


Activated sludge effluent 


6 - 10 


50 


ACT ivul CFU ^ ^ . — I ; ^ u. i A 

^ economically. 


In flo^nA 


^ Point of 
apph CO tion 


primary 
Set fling 
Tank. 


c 

® C: ^ 
^5 Cl ^ 

^ ^ o o 
<o ^ Ci. 


PRE-CHUORINA^TION. 


Weir Chamber 
or Par shall 

F/ume 


EquaHiing pipe 
fo float well 


Chlorine 

contact 
chamber 
or long 
outfall. 


irr/u^nt. 


Chlorine 
line. 

Chlorine 
Rooms, 


m 


note: Keep temperature 
of chlorinators ot 50'' Eh 
Containers should be 
kept cooler than 
chlorinators and feed 

lines. 

Provide forced ventilation 
by means of fan placed ot 

floor with conduit leading out 

Extra heavy black 
W. /. chlorine supply. 

Chlorine solution 
rubber hose in ti/e 
conduit 

Provide only 
outside door to 
chlorine rooms. 

Equalizing pipG 
from wetr chamber 

to float we it 


No Inside doors to any 
' chlorine rooms From 
control bui Idtng. 


oooooooo 

CHLORINE 0 

^ STORAGE ROOM O 

Port may be omitted, Q| 


oo 


mask 


SCALE 


CONTROL 

BUILDING 

Scale Platform . 

Beam Scale lOulSO 
con tain ers^cS/a! scale 
for ton containers. 

Water supply line. 


Manu<^ Ch/orinator 


Automatic 

Chlorinator 


(standby). 


POST - CHUORlNATiON . 


Float well with float converter for 
operation of Automat ic ChJorinator, 


FIG. B 


TYPICAL LAYOUT FOR CHLORINATOR INSTALLATION 


Detention period 15 to 30 minutes. 
(Long outfall may take place of 
confact chamber:) » 


Influenfn 
7^- 


Effluent 


h 


TABLE 

NET 
WEIGHT 

100 Lbs. 


CHLORINE CVLiNDER DATA. 


Residua! 
chlorine 
required 

aSp.p.rr)\ 150 Lbs. 


Vertical baffles. 


FIG. D 


PLAN, 


CONTACT CHAMBER. 


/ Ton 


WEIGHT 


195 L bs 


280 Lbs. 


3500 Lbs. 


OIAM 


LENGTH 


/ 


lOs 


// 


30" 


t jmn 


4-6 


4-6" 


6-55 


MAX. RATE OF 
WITHDRAWAL 

4 d*per24hr3\ 
4 d per 24 hrs. 


\45(Cper24 hrs. 


Chlorine also comes in fonk cars. 


^Compiled from various Stale Board of Health laws. 
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SEWAGE TREATMENT- CHLORINATORS & HYPOGHLORINATORS 


OfUCF vtwT 


cuLOoi'^e M(Teo 


Float o^cqat^q cwlC>«»n/P 
vAlV C 


T P AY wAl e Q P;,v 


CMLOOfNE OAS INLET 




oveoflow 

FuDAT CONTROL- 
AU1III4PV Y^TEQ 
TO VstjCCTOQ 


d'' 



Jl' s 




vVATeo TO 
AUVllU^ TRAV 


FEED CONTROL MECmANi AM 


CMLCPiNC AOl.i^iON 
OiACMAAOe 




_CMlOPi»sI£ gas 
INL€T 




MAJM WATER 
LIME 

auxiliary water 

LINE 


MAIN WATCP 5uP^>X.V 
TO INJECTOR 




.-^iNJtCTOQ Ai5f*^eL» 


I’.' 


VACUUM relief line 

overflow to drain 


AUVILkARy ^ITCn 
SUPPtV TO TRAYS 


ADjUSy^J^t CMLOPiNE 
FEED COfjTPOL 



]• ^ / j"- CWLORINE SOLUTION 

\/ \\ APPLIED IN MAIN. 

\ ^ yy APPLICATION MAY ALSO 

^ ' BE MADE IN OPEN WELL . 

GATE CWAM6ER. ETC. 

iNSTALLATiOM DIAGRAM 
MANUALLY OPERATED CHLORINE CONTROL APPARATUS* 


MANUALLY OPERATED CHLORINE CONTROL APPARATUS* 

Chlormafors ore avoUablG both rnanuaHy 
and aufomoticaHy operated. They ore supplied 
for Q great variety of ranges. 

NOTE: For quant i ties of chlorine necessary 
see page S’SSj'able A. Hypochlorites usually 
contain SSyo-lOH available chlorine. 


FtESSuRI T 4 *gR 


RANGES OF HYPOCHLORINATORS 

Poini of Ratio of 
Type hypochlorite max. to min. 

application wl of soJ'n 

Elecfrica/lu ooemted. Pump suction, ^ 

/r 7 C 7 rpc/<y/. oump (Jischarye^ 

Wafer opera fed, manual, main or 12-1 

tkifer operated, oufomafic wet we}/ etc. 20-1 


SOUfirE OF ElECTBC CuMfNT SU«\T 
MAT K (NTT* CONNtCnO WITH *UM^ 

FOwER ciacurr ro* ai/ionatic 

) MAX C^LORlNt CAPACITY 2 
^ lQS in Z4 hRS 
MAX VOLUME QVMPtO PER 
UNIT ; GO gal in 2^ HRS 

mvpochlorinator -v 

[<a SUCnON SIGHT GLASS J 


/ 2 - / 

20-1 


CHICt VAiyf 





1 


RESfRVf SOU/nON CONTAJNfR 




FOInT O* A*ftlCAT»ON IN 
FUMF SUCTION 


, ROUND Wl 











TYPICAL INSTALLATION-ELECTRICALLY OPERATED HYPOCHLORmATOR FOR APPLICATION IN PUMP SUCTION^ 

Tar seu/oge freatment -pump ^ motor ancf pressure tank generally not reqa/red* 

^ /Trom IVa/lace dr T/ernon Co.,/nc, 
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SEWAGE TDFATMFNT-ri A55IFICATI0N OF RECEIVING WATERS 


TABL-E A * 


r,,A«irt. »TI<.N „r Hrrriviso W^tera ArconD.-l to t « aYo 

i^rrr. (/ruTTT 


r i»u 


f) fnr 


fbhtni 


ft Jrt* (AtkiAf. fwr»- 
lu«, kmI t^lUWh nil- 
lura 


A r»w ••ua 

(OmiI) k/l«r fltUwiteUMi 


{/•» ii r at 

<r» «»•(>• ' ta4« 




fm 

Trm 


Abpaeaa '1 ai*»*a# 
■a>1 

na I^TaliM 

»a<i»'a 

fffmrA 

rt*" *'"* 
iaat ftoA Um lAaa ) 

• a<l t>rafa»»bi|f S 
ppm r»li ftot nntt 
than V» afwi r»af»» 
aMif p P * • 

Nn vwiMaaavMa 

Uaa A taauvMlauwl 
ar<i auah a* ft 
hm than lfm pa* 

•tl 

I • lha al*a»/a n4 (jt/»* 
Knttt a barurtal 
aU6<UH auah a* ft 
rWi Um liMB yt pTf 

ino ml 

i'hamMl alandariia 
f«r put*UMa» ant ra< 
m^aatiW bp pnaamaa 

IrtBlarBl (Mlbncb 


lA latif rafaiftag 


r^iPviMOB* 'mb 
r«W V* 

• hp'4r'*tBa I 


•MiaanUtiM fWmt 
M tarUr^^WAJ tfaal 


l^ia ** 

AaraiM aiMMM 
iMtMg vataat 


A&ia 't 

tJO« t( 


r f 


Am la tIaM ft iiaio^aJ 

daaiag labaiaaaaa 
Pv<h aa ah— ah 


Trmrnmi W 


Uvalaft 


NOTES' /. Sme, Pag^ S^iO^H^b/m O, 

'o //u 

2 , Ab J^ohonaf S^tfrKAfrt/r genm/^ i/*9 

^he c//schory€ ar,e/smt^M»^ 

info rmcm/y^ng 

Swmn MVo/v^c/ /n ff>M l/r*/f*<f 

[/orioc/s Jfafo on<y /nfe'jfofe ComroM’^onx 

es/>yi>.'isf>0af s/anaforW^/hr^ 

un<y^or- /^fr it/r/se^/o/fon (StoT«A>» ^ 

3. Q»/u/r>n 3 . Tbb/o ft. of /»/'^ W«r«f 

Cer/o>^ ^reofrt74trrf H> U ^ip«<W 

in emor^9nc/9S. Jtyc/> os sf>*/f datis/7 mr- 

over/ooc/i^S of tro<7f -no of- n<onf-r. 

exfrem* /o*<x rxo^r- or'^of 

one/ fh 0 rn^meytr/xrj/ufo of /ft» rroe/*/ing 

t^o/or /Sv- o/ior- //fon cosfo/nary pusposwr. 

A. Ord/nor/Vu if iS permffS/l>!0 fo 
disc/fonpm /f>m txofmr-ctjrniwc/ noj/es /foot 

/so/o/oo dn'o/Z/ngs on& r.-na '/ Ctt'n.yfixn/f/mf 

tv/fhouf /na/rrron/ in/o recriWng MrV V of 
C/oSS <r or O. SommiirrTOJ Pri-norfr Po^/~nonf 

/j re 

S* far* ffyo ^ c<r/ fTtm 

/orc/ofermin/np a//oo^ii.'o /oot^/r>gaf 

r'occxi'i'na nro/or-j' fy//3 Jetteago -oom^ 

Tr^fnyo^f Av fm/roff ^ /^✓z; 


• At Klfh latBparalurM lha loWraara trf lafc la la* D (1 and high CO» la 4i 
ilae eb^lkfiablr In ihaiaaahaa 

t Vlth rootphu punllcalwM) in akadam &ltraUna *wha • lAavnal aUaikf* 
all) a«r«alip iwBlt ptodiKlmn <4 a lala ftriaking amur 


aMbaa&.OOOft cafi a» IM 


TABLE B 

iHif.MsrAiF C'oMPArr Hrgiiii»r.\iivT« of ('oNNimerr, Nt* York, ano 

New JiMti rtm Twr-ATAir-HT or .Sewaoe DtiirHAhOBO i*rro Tiici« Tidal 

Wateila 


1. Hoaimft BoUdj 

2. Suspended solitU 


('iilifortn biiotonn in 
wMer AHmpIrn dur- 
inK bnthinft ><ii.aA'n 


4. Dijwlved oxyicen feI- 
urntion to vieinity 
of uutf*U 


C' Ibw a 

Watera e*pected to 
uAfd pn manly for rec* 

rrationid purpose*, 
shfUftsh culture, ind 
development of fish 
life 

Kull rcmovivl 
60% removal 


Probable number of 
not more than I per 
r c in 50% of 1-c c 
sample* 

Not less thun 50% dur- 

mg any week of the 
year 


riaaa B 
All other waters 


Full removal 

10% removal or enouch 
to avoid «lu4|[e de> 
poaiU 


Not \tm than 30% 



^ Da/a Prom San/c^G TT^Gcy/rrra/?/ bg fmPfaPP ^ar/rt 
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SEWAGE TREATMENT-PUMP TYPES & COMMINUTORS 


Ouflef 


JnJet 


Pump cosing 


Motor connected to 
produce plan per motion 


Piston on end 
of plunger 


Continuous motion 
of plunger 


Plunger moves to right] Voive A open^ Vafve B dosed] wafer enters from 

inlet pipe. Plunger moves to left, Valve A doses, Valve B opens, wafer is 
expelled through outlet pipe. 

FIG. A. PLUNGER TYPE. 


Discharge 
rzzipvd Suction 


\Shaf t 


Motor turns 
shaft r 


Motor turns shaft 

Discharge ^ 


Casing 


Impellers 


Propeller 


duct ion 


♦ » 

Turning of impellers throws wafer at high 
velocity against outside casing and water 
leaves Through discharge. Low suction 
pressure at center causes outside water 

under atmospheric pressure to enter pump. 

FIG. B. CENTRIFUGAL TYPE 


"Controlled" discharge type 
shown. If liquid level on 
downstream side does not 
submerge drum, ••Free" 
discharge occurs. 



FIG. D. COMMINUTOR 


■Suction 


Turning of propeller causes vertical up- 
ward reaction on water in cas/ng^forc- 
ing it to rise. 

FIG. C. PROPELLER TYPE. 


TABLE E. COMMINUTOR S 

CAPACITIES.^ 


ZES 8c 


NUMBER 


SIZE OF 
MOTORS 


'/4 H. P. 


10 A '/2 H. P. 


ISM 3/4 H. P 



25M 


25 A 


36A 


iy2 H.p. 


I ‘/2 H.p. 


2 H. P. 


OVERALL CAPACITIES 

CONTROLLED 
DISCHARGE 
M.G. D. 

FREE 

DISCHARGE 1 
M.G. 0, 

.0 fo .35 

.0 fo .30 

.17 fo /./ 

.n fo .82 

.4 fo 2.3 

A fo 1.4 

hO to 6.0 

1.0 fo 3.6 

LO to II.O 

1.0 fo 6.5 

1.5 fo 25.0 

1.5 fo 9.6 


54 A\ Separately designed for each Job. 


* From Chicago Pump Co. 






















SEWAGE TREATMENT 
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SMALL SYSTEMS 




LEMGTH. Mak^' SO-6 h> foo-6 hnq. run 
05 dirocf/q 03 pos3th/e , tfouer 300 o" 
lonq p/oc<P Monho/^ of^ cten^cr 
Longer runs ore des/rab/e . 

M A*TER I AL * Jc7// c/oq beyond 

op/gof ///<- pipe or cement be!/ 4. jp/gof 

5 (cost iron /s excef/enf but expenstue). 
^ /f*near cuef/ or ang ouater suppig use. 
yj casf- /ran 

^ h^tfere trees or shrubs mag cause 

^ roof stoppage in dap use cost 

iron . . , . 

^ Ose So h> k> 'o o/ Cost /ran ppe (ot>ere 

^ teou/ng building 

Use cement Joints /or chg ppe, lead 
for Cast iron. 

SIZE.. 4 for smo ft instatfotion^ but cf /s 
'O better m o/t cases. 

^ DE.PTH=//7 ttorthern latitudes start 
0 secoer approx imotd/Li /' &“ be/ouj gd surf 
T tn Sou them /at itudes start mag be 
Just befoul ground surface 

SLOPE = Slope 4-^ seuier Js per foot 
minimum (^equtuaJeni to Z* jn /o'-d). 
3/ape sewer Vfa’ per foot minimum 
(eqaiuaient to /"in io^o*). 

6 it: 

fc i 


J; LEK^TH- IO'O for small sgstem, for 
2 large sgstems aHouj 40 -o“ tb Sod mm, 

5 MATEI^IAL ! Jdme <os for house 
seweir 


P SIZE « 4 ' unfess uerg forge sgstem . 

U SLOPE = / 2 o“^ fhe foot minimum 

2 {cguivotent to yz m io^oj* 

{*■ Stope Sfhoutd be uniform 


I 

3 

li! 5 **^ r>t 5 

D\3 

^ 2)P' 

ror . 

H ^ Ts c <; 

Sf -Se 


<r. / Sewer- 


S'orC 


Po ica/J nor / A iniei 


I 

>3 

I 

1 

N. 

0 


s:: 


detmi*2 Poge 5-65 


GI?,F. ASE TR,AP.. /ar O/chpn u^asle 

fnot necessarc/ tnr sma/i bou^ej 

(aphonaij 


for angle 5 ouer q. 5 ** 4 /j<" manhole. 


— for angle /ess than 43 
Js or bond 


uj 


sr\ ' 
■lli 


SlPHoys . 

TANK ^ 

(dot used tor 

small jgs tents 

except ofcua<^5 
tor Sand Filter). 

DETAIL < 1 
robi^A Pg.Srbd. 


SEPTIC TANK 

(atcuogs necessorg) 

k DETAIL ^ 1 

Page 5-65 

Table /^,Pg.3'(24 






FbJ ** Septic Tank 

SLUDGE 

PIT 

^(optionc/ ) 


too O aa/ag from 
and beloui ang 
Water supptg 


^ iw 

H § 5i 

« &'5 |« 


DI5P05AL METHODS JL ^ 
2) P055ISLE TYPES \J \3 

LEACHING- 

"9 lil -S^e T^Ues B, C. D- CESSPOOL 

?« Ps.5-e4. DI5P03AL 




D)3TR_I5UT)NG 50X 

GATE 

— detail *3 

A \ Poge5-65 




de e/ ffter 


V 

_-X 


\ 


Additional cot/ect. 


ion 


DISPOSAL 
AIL 4- TABLE B 


trenches mag be used 
<7.5 Straurn cfatted. 1 

rADLE B sfftuent 

Page 5-64 5UBS0IL DISPOSAL 

PR-AINJS 


DETAIL 4 

Page 5- 66 


\ 


DETAIL 5 TABLE C 
Page 5-66'^ Page 5-64 
Place on junng side 

of r^ent/e stop^ 


TILTER^ DI3P03AL 

DETAIL 6 tabled^ 

ctjfuent Jewer to 


non'potabte course. 


KEY DIAGRAM of SEWAGE DISPOSAL SYSTEM 

Fon 3G f&cf/ori o/^ System oF Dtsposaf. see P/otes Pot low/n^. 

Checked by Ra/ph Eber/fn^ C. E, 

'^Adapted from Architectural Graphic Standards by Ramsey <S Sleeper 


rpiTFPiA /-nr ^Fl FfTION „/TYPE DI5TEIBUT10N o//Ae EFFLUENT 


LEACHING CE55POOL 

(one' or more mag be used os needed) 

5Uf)501L DI5P03AL DRAINS 

Tape S.l includes, maduition. collection 
tile under the distributing tile. 

SAND FILTER. 

Rectangular, circular or narrow 
trench types Open or closed fgpe. 

TtlR.eMN 5 LOPE 
OP. G R. ADE. 

Applicable to ang slope 

For leuel or sliqhl slope 

Applicable to any s/ope, except fil- 
ler area to be approx imalelg leuel. 

POROSITY OF SOIL 

Soil adjacent to cesspools must be 
toirlq porous below intake Aboue 
mag be imperuioos 

Top he to Z -o' must be fvir/g poruus 
unless fgpe S.t is used, and Ihis mag 
be used with imperwous sod 

JoH mag be imperu/ous. 

uROUND WATER 

ivaler Icuel must be <// least O' beloai 
grade of cesspools Ncuer less than 
Z-o' below boHom of cesspools 

tValer leuel Z-Ci under grade a! 
field For type S.l g-o" 

Jdafer feuef appraximofclg V-cT 
be tow efe^-. at filter 

ORIENTATION 
AND UKATION 

No! important JmoU area required, 
not less than iS-O from bu/lding 

If possible place field on soulhern 
slope; drains run parallel to con- 
lours Requires large area 

Open type regu/res placing fo teewc/d 
and away from buildings; on sunng 
Site. Closed type requires more 
area than open. Small area regutced. 

FINAL DI 5 P 05 AL 
Of EFFLUENT 

1 

No peouision nccessarg 

No prouision necessaru excep! for 
type St /f IS des/rabfe 

Means hr chfor/nafion is advisable, 
if water course }$ used 
for potab/e water supp/y. 

maintenance 

Cleaned approAimoleIg euerg z gears 

C/eoned only u/hen absorption ceases, 
mag be gears if sephe /ante is kept 
m condition 

AUh^n ff/tering ceases remoue and 
rep face fop z^o/x^rTtf. 

INITIAL C 05 T 

UsuaHg /ocucsf cost 

- - — 

Adore expensiue lhan cesspools but 
fgpe S! ts more expens/ue. 

Most expens/ue Onig used wner 9 
other types are not possib/e. 
Open type cheaper than c/osed 

HFAir.M nf AFWAGE. DI5P05AL 5Y5TEMv5 

EXPLANATIOM uF TABLES BELOW 

TYPE 0/ BUILDING GALj of 3 EWAQE^rP£R 50 H C 0 NVE.R 3 I 0 N FACTOR 

" V 1.^1 €n. / Cijnitu^ 1 


flesi<^€ntiaf i^ork.' To o^c. tables- for other tapes 
of bu'Id'Oqs mulliplq this 'Mo of persons Sd u€d' 
bu the conuersion factor in the tost column to 
fnc r,qht and select data on the same hne 
and to the r/qht of the resulting 'No of per- 
sons seruea 


Camps 

Summer Cottages. smoU forms 
Dag schools fochnes u/ilhout kitchens or shourers 
. uiifh • and 

Instiluftons except hospitals 

Hospitals 


40 

/S to 
to 50 

/OO 
/SO to 250 


TABLE A 


5EPT1C i 3IPH0N TAN^5 


SEPTIC TANK blPHONTANRblPHON 


COMC ALT! 
TH«CKNt^5 


Gob 1 




oir liquid 
5 poc£ Idrp^H 


for thg 5 € 5 1 ^€5 




/‘4 JIS 


S *9 4 SO 


t 0 *i 4 


IS to 


It zs 


» 

34 ^ 


7 ZO 


/OPO 


S^O 1 2 - 4 » / • O 1 J -4 


4*0 


7-0 


2-4 


J 4 


SC 


iZSO 1 50 


t 40 C I 5 -^ 


/720 to O 


4 t ^ 


4 S 


SO 


/-o I 


to 


^ c 


to 


/ -o 


4 S 


/ • J 


/ • J 


i9sc •O S , s y 


4 >- 4 £ 


4 CSC 


zns ; it-o J 4 


/ - J 


/• J 


1400 \ tt -6 \ S 9 I t. 


4 -S 


4 a 


4 to 


so 


'3 0 




br;C 


\jro^' 

inq 

Ideoth 


top 


2-4 


^ O ^ ’O 


4 -4 


^ -4 


30 


3 3 


3 


3-0 


^ • o 


3 O 


3 O 




SO 


S 3 


3 4 


3-5 


3-4 


3 P 


3 4 


4 


/•4 


/•a 


/ s 


A C 


J -4 


3 4 


4 Z 


Z Z 


2*2 


TABLE B 


LEACHING CESSPOOL DI5P05AL 

Vo 4 5 tcm A 430 LrTIQN 


FOA AAPMI A430APTIOH I FOA MC OlUM AAiOAATlON 



diO. 


S-0 


4-0 


0 0 


4*0 


70 


0-0 


depth 


|dbwrp>K« 
orro per 
person 




«-p 


« o 


«-0 


6 -P 


P-a 


«;-p 



z$s 


IS 7 


14- d 


14.1 


/AC 


CO 


CP 


/J y 


IS 4 


no 


6 P 


c-o 


a p 


c P 


X 7 -P 


5 


CP 


7 P 


0-0 


7 P 


5 p 




to 0 


70 


0 P 


0 P 


3 / J* 


i 0 ?• 


ZC. 1 3 


Z7/ 


2 C>/ 


Z 5 7 


ZC/* 


S-0 


SO 


lOO 


JOO 


90 


ICO 


0-0 


70 


SO 


s-6 


s 6 


s 6 


S'O 


U'O 


no 


too 


ICO 


IZ -0 0-0 


.B 

,3 to .25 
.6 to .5 
2 . 

J. to S. 


TABLt C 

5VE>50\L 
DI5P05AL 
DZMH 5 - 4 i 

lineal rtET 


TABLE D 



447 ^ 


49 S^ 


4 ».S' 


44 t' 


409 ' 


S 49 * 


Copccitg of oboue septic tanks i 5 based on 
50 gallons ftotu of secuage per person for 
Z 4 hours, and is for residential u/ork. 

To design tanks of other df^es use the tot- 

Icuiirrg formulae 

Number of persons serued x doUons of sect/’ 
age per person gallons copacitgfol hgutd) 
qollom^ capoclq^ 

I Cu ft 7 . 46 gallons / gallon • /s* cu ff 

length of tanks should t>e approximate-^ 
/g fw/oe undth Afinimum ! t gutd depth s 

Men purcho smg a pre- fabricated jep 
t/C tank, require Manufacturers guar^ 
anfee fhat the tank ouiil treat the aa/s 
cbpac/fg os aboue ca/cutoted ui/fhin 
CL Z 4 hour period 


Che<zked 6^ Ro/ph Eber/m, C-E. 


Capocitg of aboue cesspools based on SO gallons floui of 
seu/oge per person per 24 hours, and is for resident 
iaf usorK-, to design other sf^es use the foUou/ing 
formulae, defect obsorpt/oe area per person from abooe 
Absonphue area per person m number of persons — 
Total obsorpfiue area. 

Tofot absorptiue area •Oreo of wo/lsCbehai m/et) r 
area of bottom NY stote allows bottom area onig. 
Total absorptiue oreO^ Z Tf ft, * he/ghf -r tt 
A bsorotfue areas for awen sixes m square feet:^ 


s' dip ■ s' depth* ssXadio • d depth ^ zoi 

^ • •f42\& - TT a YtB 


• /7<?T9 - . 7 


$' dig • e depth • zJs 
to - « - jj 5 


12 


■ 10 


409 


too 


200 

J40 




575 


uco 




ISO 


SSO 

SCO 


arta requued 
10 jpopneff 

cImSI 


700 I 450 
loool 700 


OSO ]/2tDi tOOO 


900 ISOO /ISO 


200 


900 

1400 


2000 


//SO 


un 


/900 


aoo 


ttoo rtso 


moxuso 


2S00 


9000 


SSOO 


4000 


4500 


SOOO 


Assuming /’uf/di 
absorption These o/eoi 
trench boHom ore basi 
These lengths on / gollg> 
are based on persg 
lineal ft pe/ per dog 
person^- dosedoi 
kopid obsor /‘24 2 gallons 
XHed obsorp'^^ perjgM\ 
obsorpr^90 per dag 
Reduce hn. ft for open 
for wider filters- 
trenches. 


'method RELATIVE A630RPTI0N DETERMINATION (/» proper htJt 
D/g test pit tz^sguare « /V deep ond/spasaf s/te Forcesspoo! locate p/r ^ 
distance between inlet and bottom. For drains tocofe this at grade 
Quicklu t/U pit with of uiater and hme /ts disappearance. P/u/ge 

tune m seconds bg e. Rjcsu lf is t/me reguired far uiafer to drop / 

i5l3POSAL METHOD 
r,ecommenoed 
Cesspool or drains 


MINUTES MQUIR.ED FOR 
|WAT£R.T 0 DROP \ INCH 

a to 3 
s to s 
s to so 
yo fo tp 

CP i Otter 


RELATIVE 
A530RPTI0N 
kopid absorption 
Medium 
Slow 

Semi- imperu/oui\ 
Imperuious 


TYPE 
OF 30IL 
fijorse sand or grauet 
yine sand, sondg ham. 
\c/eg with sand or loom 
Dense dog 
Hard pan, rock. 


WAS, collect - drhs hlhn 

Filters. 


^Adapted from Archiiecfurol Graphic Standards by Ramsey <S Sleeper 
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SEWAGE TREATMENT 


ycnf may be. corned 
up here 


SMALL SYSTEMS*- DETAILS 


f'd/ on fop adu/sob/e /n co/d c//mo/cs 

« *»■ 


house 

setuer 




j c/ean/ng ucnt mag 
\ I be corned up here 


1 s ' \ 


Manho/e\couers 1^2 -‘o’ — I 

z' ^'sf irvnj 


ouerf/ow j* 


u/ood or 

concrefe 

baff/e 

\xrou /Onk 


f//finqs r^ommeodede/Cf 
but t/te mog be used 


hd min. 4 depth max/^ 

1 I I tors do ox:, do/b angs 

J-* ^ ^ //7 o/des and bottom ? 




^ a *0 


1 


cj/udge drom 
C \ rPftch bottom 

■ a O • • ^ ’ 






r~~i 

• 


* 


( Kouer mag be used 

V •V'* 

0 


5ECTI0N 


stop or gate ^ 

inlet 


4- ‘dram, -dedtuenb 


ALTER.NATE 

with boff/o. 
of // 7 /e/ 


5 ECTION 


^ ^ *rein forcing bars g'oc or c m top ^ 


cut 


I 

si 


l 1 gYh 



' 'Ol ' ' 




5 


(debars I 'o'o c in 


I I lx 

7 ^ • •^\^ 7 to/jt 7 o/e'^ — 1 ^- -I — Lq 

X. j- 1 ^ T T ' i' , 


I — 

^ I 


- 1 .— [> :.sir 
I I a- I 

'I* '• • I 


\ HI \ ^tf>ahXoIe‘s!^~ 






ri 



U.tL 



/o j 4 /o'i 


! 


d ‘c/ gate iXj/(/e 


e discharge 



" iiL^ ' ' 


I <» I o • 


detail(T) 


|*-5EPTfC TANK 

I used for o/t jg.s terns 


PLAN 

increase to Is’c/c/y ti/e * 

biPHON ! 


TANK 

mog be omitted on 
smott ins/o/totionp 


Cg/indncat brick tanks of 4 ‘ora ura/ls. purged on ms/de i outj/de. 
corbe/fed dome, with adjoining siphon tank of sirndor Shape and 
construction are commonlg used, other features tofhui oboue scpfK took 


Z' cast iron 4 ' 

preferab/e 

in/et—B 



6 minimum 


bottom mog pitch 


remroranq ban spofotJ ^ 
apart - or mesh T 1 J 


2 cost iron 4'pre/erobte 
Outlet mtet 

ck y sewer pipe 4 
mcreoser 


>9 




jt I 


//Kreose h 4 ' here 


SECTION 


SECTION 


1 


TTT'rw-rr — 7 -r 


tntet 



outUf 


mtef 


M 4 h-bO 


'*U 




ZIP 


-1 I 




30 I 

Wi 






* *. 


aeett orz'p/onis. 


b’t 


plan plan 

5QUAR.E TYPE RECTANGULAR, TYPE 
WITHOUT 5AFFLE WITH BAFFLE 

ybt. • ^ cu /t. Vot^sczscu ft 

Cost Iron connections shown but these mag be ctag ti/e tor economy 

Ptai^ haue 8 ' brick, waf/s ^ 


© 


/». 


TRAPS 


4 -iFoof 

f May &£ Ohrnrreo \ 
iN SMALL systems) 

Checked by Ro/ph Eber/tn, C.E: 
Adopted from Architectural Graphic Standards 



o/ternate gate 

^ to cot /on 


PLAN 

E OUTLETS 


concrete couerf'^ 

mag Pe used 
m/et 


SECTION 


intet—pZ 


rods bent to form 
Shde hr stop Ooard Yi^ 

(or gate) / 




gck 


outlets 


outtet 


PLAN 

3 OR 4 OUTLET 5 


rod hondfe • 
2'-2 

out/ets - 


h/ngci. 


^hp board z'^d 


SECTION 

mtef 






A O 


•stop board 
otter note /ocation 




outlets 


j/op board 


PLAN 

4 OR. MORE OUTLETS 


DETAIL!^ 




DI5TR.I5UTING B0XE5 


40 outlets must be set exaettg Jevet /top boards are used 
toprouidearesfpenodtoraporfofthe d/sposet 
f^td Ahd/ags used hr h/ter beds arid reconjmendeid 

tor a0 bat uerg smett mstat/otions 0 / o/t hgpes 

by Ramsey cj Sleeper 
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SEWAGE TREATMENT -SMALL SYSTEMS*- DETAILS 


DI 3 TeiBUTlNG 


f^fu€nf 1| s^u/er 


I /DI 5 TE. 1 £)UT(NG box 






sN 


1 POOL 


j d/cmchn d 

poohmin 

Z POOL5 2 POOLS 

Keep cesspoo/s /ooff oujai^ af /easf 


j d/amehfz o. 

/or<^i / pool- mm 


3 d/omefers o/ 
/<7r<^l poc/- mm 


: 5 diamefe /7 of 
\hryejfpoo/-min 




Tl 


e ' 




orc;ped — 


' 


< 



9 

*0 


^.'Oc^Cf / 3 d/ a 

'^mortar jo.nts 
,n roof 


j/rauj", H 


no rnorfor 


inlet— n:; 

no mortor m jamh- 

■4' of Zi'jtones 
graded 


. O POOL 3 

from antg coaler jupplg. 4 on docon grade from jame 


4 POOLS Coes) 


I 


3ECT10 


p ground lualer 


T 


SECTION 


couer 
morlar jomls 

Outlet when m 
tandem or for 
future add t ft 
pool 

X. o’ mm. 


jlrato 
inlet— 

d " of jlontrs 
graded 


<i • 


grade, 
corbelled bnck. or 

blade /n mortor 


6 "concrete block. 

ff /a/d flat 

nomorfartn jomh 


'9> 


SECTION 


cool's : o Ir/ci. 


s: 


■ rile I 


4 ' radial It o 
cL/dh holes 

mlet— c: 


ao/lel 


of 2 ± slones 
Weeded 


/nlet 


I 

^4 of dz stones 
graded 


PL AN 

iZ" 5 TUNE 

CessDool lops are mferchongeable 



d $fribvf‘On 

' bones 


affluent secuer 



PLAN 

4’ RADIAL CONCRETE BLOCK 

CESSPOOLS 

CESSPOOL DISPOSAL 

distribution box 


DETAILS ol LEACHING 

LEACHING 


PLAN 

8 ' CONCRETE £>LOCK 


@ 


A 


f//uenf Secuer 


— \ 


same spooogesbere 


i 

9 

1 

rad 


f 1 

i 

I 

1 





FOIL FLAT SLIGHTLY SLOPING GHADES 




■disfritjLil'On tex 


I JouriiNie, (jiCALES FOI?. STFFP rPAOPs 

of dro,n,-so^,n,n,un, eco. jAc ^ ^ GICADES. 






SarlH 

^ S ne emOers or gmod 
(bare emoerj orqrot/d 
Tile unfh iiopen Je/rth 

. 'oinb cooereu inffi 4 

^shp ot tarpaper uffddM. 


c] V V j cj^Vram frenchej at nghl 
j "> O ' > / f or parallel h> 

i~~H- ^ - — — M collechon l/nej 

plank.^ 


eff/uenf scu/er- 


^fVet/^^A 


>prac/y// 

'4dOf/(j err A 




ynhj 


J/atesf-oOeVn 

deain'^tile trench 

Scale of Details -te'-A c?- 


'em, 
s^iTTe 


co/leclfon Uea/rts 

Y/ITH COLLECTION D^INS 


Trenches /o'd 
to /z- d opart 


h 

I 


- bell 4 Spigot Seu/er P/pe. 
^Open nle drams 


DETAIL 



COLLE' 


*r 



@ 

(ON, TRENCH 


type without PDTeiSUTlON 

60 X-U 5 ING 5 PECIALYTI 1 E 

ffof as salisfaclonj os 
d/st r/buhon box tgp^- 


trnporlont^ 3 fopQ Imes un/^rmlu Minimum e.ir>r,^ / / ^ a IClINLiT cdist nbuhon box tu 

T Y D F A r^F f\\k %(A\ f AS rA ^ oponjo.nl 

I YDtS OF SU 5 - 50 IL DISPOSAL FIELD DRAINS, 

. . , ^ , Checked by Ralph Eberh'n, CE. 

p from fircf/fec^uraf Graphic Sfandords bp Ramsey Steeper, 



5«67 


5EWAGE TREATMENT - SMALL SYSTEMS*- DETAILS 


secucr-i//h/f/Ad hcf / 1 sp/<^o/ hlc. 


4' /cfcrxjl/i^ d'^matn 

YdhinbuHon 

/Uf\ 

»'K^n 

// I V 


/ / 1 \ \ 
coff^Hforu^htj/hsiope 

tided tmd^ enfir^bca 


N N 

N 


disfribuiion t ' \ 

and edkcf/on 1" -N. 

dms undt^ I 

^ / d’mcfn distribufion 


» 


fo be used o^r 
\e/wre. l^JecfeTC"^ 


\^4'/c/ei^a/ //7e5-\ // 

^ ^ ^yy 


FILTER. BED 


L BED-cr h FILT£?|l £»ED 

EffJiienf seuier- t/ifrificd bed 4 spiqo7 ( 

fik-eemeni ioin7'k> nan-oobilJe moh^rmirt^) 


fik'CementJoird-h non-pofebk woMr coane' 

I^ECTANGUl^R. LONG £OUND 


■ , , ^ UAK>d 
/n/e/^(J ^frtuMh 




< . e • * 


'4 earfh 


- '■yys. '«» hotf 

• ~^..sfone or 
Jf gnoiie/. 


r ‘ • . 

¥•///« Wf^ii vl 5 
'open Jo/nfs^hd ^ 5 
cot/ered w/dj ic_ 
c7 borhp w/red § 


L4. • t 


lb 

*Q . ” draitts h be ^ ui/ fh 
V •? ^ '4* open Jotnfs \ 
N ^ cohered uifh burhp s 

^ V . -V * ' • V • * ’• '' 

^11 1 


I ;V>;* ^</rac/e/ l4/naAj 

S^effon ~F Scc/ion. 

CLOSED TYPE OPEN TYPE 

Open sand ft Hers -2 q a Hans per Sq F 7 per daq 
Closed sand fHferj - / qaHon per ^q Ft per day. 

DETAILS 


5AND 


LTER.5 



fredon 4 coder- 
inq ^ ofh'/e. 


'Xir paper screen- 
inq orJburfap. 

JOINTS FOe 



accurafefq space and 
ho/d h/es U ' aparf^ 



accura/e/q space and 
ho/d /He s '4‘apar / — 


METAL COLLAR- METAL COLLAE 

DRAINAGE TILE. CONNECTOR5 i COLLARS 




ureb is of ten 
omihed— 


SPECIAL 

Y 

BRANCH 


EOUND 


ROUND TILEjON U-TILE ON HOLLOW 

HEXAGON FOUNDATION 5L0CK FOUNDATION BLOCKS 

Z foo/ /enqfhs — inside diomefer usuaHq 

TYPES OF DRAINAGE TILES 


H 0 e 5 L SHOE 
( 5 ' U 5 UALLY) 


Mn. 


docke/ Vt 


f-T:: 




^ 




sput 


/ / 


ircty 


Doffed fines 
d/cafe double >. 
y brancheS’^'^s^ 




' >V) 

V 


•iS •A 


Zm 


O I 


O I 

N II 


^Doffed fines ey 
dicafe doub/e 
T branches. 



\ 


T‘ fenqfh draain 

A / 2 * a/so comes 

^ in te ‘ arid z^" 

\\/enqfhs 

' * / 

/ 





curSA 

K-S'd 9 - 


5 ^E)END 


*0 


PIPE Tf)RANCH EE:DUCER._ Y BRANCH INCEEA5EE ELBOW-SO’BEND 

T^esc draw/nqs ore rrsade -4* pipe and fitfinqs or /^ sca/e — Dimerss/ons an same refer fo ^"pipe and fiffinqd. 

SALT GLAZED VITRIFIED SEWER PIPE FITTINGS 

Checkecd by Ralph Eberfin^ C.E- 

^ Adapfetd from Archtfeci’Ura/ Graphic Sfandards 6y Pomsey 4 '^/eeper. 


CHARACTERISTICS OF SEWAGE 


in domestic and industr ial^'LwIgerirproport iortJ'’thramJo!t of ‘‘water^thej clntai^'A seLge^’i^''^^ 

pita in residences, commercial beildings. and nstituJiL an7aUo unon JT V ' 
storm flow entering the sewers. The variations in the strenoth o? indu.tr, 

ference in the quantity of organic wastes and chemical suhs?ance1 Ui:;^rr?n^^s"ri:ra^^^•;^t;^^^^ 

TYPICAL CHEMICAL ANALYSES OF SEWAGE, PARTS PER MILLION* 


Const ituents 

Solids, Total 
V 0 I a t i I e 
Fixed 

Suspended. Total 
Vo I at i I e 
Fixed 

Dissolved, Total 
Vo I at i I e 
Fixed 

Biochemical oxygen 
demand 6-day. 

20 ^ 0 . 

Oxygen consumed 

Dissolved oxygen 


Strong 

Med i urn 

Weak 

Constituents 

Strong 

Med i u m 

Weak 

1000 

650 

350 

500 

400 

100 

500 

350 

150 

300 

250 

50 

200 

120 

80 

100 

70 

30 

Nitrogen, Total 
Organic 

Free ammonia 
Nitrites (HO^) 
Nitrates (HO3) 

86 

36 

50 

0. 10 

0. 40 

50 

20 

30 

0.05 

0. 20 

25 

10 

15 

0. 00 
0, 10 

500 

200 

100 





250 

250 

100 

100 

50 

50 

Chlorides 

A 1 k a 1 i n i t y 

Fats 

175 

200 

40 

100 

100 

20 

15 

50 

0 

300 

200 

100 





150 

75 

30 






0 


•Adapted from Sewerage and Sewage Treatment by Harold E. Babbitt 


Source of Sample 


Haw sewage 
Settled sewage 
Oxidized effluent 
Act ivated-s I udge 
aeration tank 
Chlorinated 
ef f I uent 
Stream or other 
diluting water 
S I udge-d i gester 
overflow 


MOST IMPORTANT ANALYSES TO MAKE AT SEWAGE WORKS 


5-day 

b.o.d. 


So f ids 

Suspended 

Total Vola- 
tile 


I 


la 


Set- 

tle- 

able 

I 


N itrogen 


Total 

or- 

ganic 


Ni- 

trate 


II 


D i s- 

Rela- 

Resid- 

sol ved 

t i ve 

ual 

Oxy- 

Sta- 

Chlo- 

gen 

bi 1 ity 

rine 

11 

1 1 



Bacter ia 


Total 


1 1 


B, colx 

(pre- 
sump- 
t i ve 

test) 


II 


^ a < • 


and settleable solids, is valuable in con- 


Key: 

I. 


III. 


Tests having the greatest value, 
lests havtng less va lue. 

Tests that need be made only when conditions warrant 


From Keefer's Sewage Treatment Works, page 590. 
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SEWAGE TREATMENT 


ANALYSES AND TESTS -2 



Notes : 


A. For outlined method of tests, see most recent edition of "Standard Methods for the 
Examination of Water 4 Sewage," published by the American Public Health Association 

B. General reasons for tests: 

1. Sewage or waste analysis may determine type of plant to be used. 

2. Determine plant efficiency. 

3. Provide basis for plant control. 

4. Compliance with state laws. 

5. Guide for future design and extensions of existing plants, 

{Tests most f req uent 1 y made are preceded by an asterisk. The numbers in parentheses 
refer to similar numbers in preceding columns.) 


Interpretation of Sewage Analyses and Sewage Plant Operating Records 


Te«t 


Units 


Sampl i ng 
Points 


Reason for Test 


Screenings 



(1 ) Quantity, [1 ) Lb. 

As removed 

( 1 ) a. To determine 

(2) Moisture or cu. 

from 

t ime periods for in- 

content, ft. per 

screens . 

termittent operation 

million 


of mechan ical equip- 

gal , 


ment. 

b. To determine 

(2) % of 


time periods for 

sol ids . 


col lect ion by trucks 
c. To reveal ab- 


Grit 

(1 ) Volume. 

(2) Size and 
type of 

sol ids being 
removed. 

(For sieve 
test and 


Lb, or 
cu. ft, 
per mi I- 
I ion gal 


As removed 
from grit 
chambers. 


normal contr ibutions 
to system. 

d. To complete 
record of sol ids re- 
moval by plants. 

(2) To determine 
whether or not screen- 
ings have been drain- 
ed sufficiently to be 
burned efficiently in 
incinerator. 


( I ) To determine 
time periods for 
manual cleaning 
and setting of 
time periods for 
intermittent op- 
erat ion of me- 
chanical grit 
removers, 


Analysis and Inter- 
pretat i on of Resu Its 


( 1 ) Quant i ty from 
coarse screens 

open ings ) usual ly 0.5 
to 6 cu.ft. per mi 1- 
1 ion gals. Quantity 
from fine screens 
( 3 "- 3/32" open ings ) 
usual 1 y 5 to 30 cu.ft , 
per mi 1 1 ion gals. 
Weight per cu.ft. 40 
to 60 lbs. Var iat ions 
from above values and 
the average from the 
plant in quest ion may 
indicate large con- 
tributions from in- 
dustrial, commercial, 
or s imi lar sources. 

(2) Usual % of mois- 
ture between 75% and 
90% in screenings by 
ordinary draining for 
one day. Dewatering 
centrifuges and 
presses usual 1 y re- 
duces % moisture to 
60 to 75%. 

To feed incinerator 
economical ly, screen- 
ings should contain 
between 60 and 80% 
moisture, 

B.t.u. used per lb. 
of screenings in- 
cinerated ranges be- 
tween 1400 and 3500. 

(I ) For combined 
sewers, average quan- 
tity of grit commonly 
deposited is from 2 
to 3 cu, ft. per 
mill ioo gal . To al low 
for maximum storm de- 
mands between clean- 
ing operat ions, 10 to 


Brief Procedure 
of Test • 


( 1 ) The quant i ty is 
measured by weighing 

a day's col lection of 
the mater ial which has 
been a I lowed to dra I n : 
or the volume is mea- 
sured . 

(2) The % moisture is 
determined by weighing 
and drying a repre- 
sentative sample of 
about I lb. in an 
oven at I03°C. for 12 
to 24 hr. 

Sample is weighed 
while st 1 1 1 warm and 
loss of weight d i- 
V ided by weight of 
dry solids mult i pi i ed 
by 100 is the % mo i s- 
ture. 


( I ) Quant i ty is meas- 
ured by we i gh ing the 
amount col lected i n 
one day after it has 
been al lowed to dra in; 
or the volume is 
measured , 


Tests followed by dagger (f) are from National Line Association pamphlet on Principles of Sewage Treatment. 
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SEWAGE TREATMENT 


ANALYSE 5 


TESTS - 3 


Test 


Lin its 


Samp] ing 
Points 


volat i 1e 
sol ids 
test, see 
test under 
i tern 

"S 1 udge . " ) 


Scum or 

Cu. ft. 

(1) 

Grease 

sk imm i ngs 

per 

or 

skimmi ng 

(not a 

mill ion 

tanks. 

customary 

gat . 



test J . 


(2) 

Settl- 



i ng 

tanks . 



(3) 

F i Iters, 



(4) 

Aerators, 



etc 

• 


Reason for Test 


( I ) To comp lete the 
records of sol ids re 
moved by the plant. 


To determine ef- 
ficiency of skimming 
tanks . 


To determine 
whether add i t ional 
amount of air is 
necessary to increase 
flotation of grease. 


*Total Parts per 
suspended ^i II ion 


sol ids 
( i ncl udes 
settleable 
and non- 
settleable 
sol ids ) . 


{ 1 ) Raw 

To determine re- 

sewage 

duction of suspended 

pr imary . 

sol ids by pi ant as 
a whole to sat i sf y 

(2) Settl- 

requirements set by 

ing tank 

State health author- 

eff 1 uent . 

ities for water 
course into which 

(3) Filter 

effluent is final ly 

eff 1 uent . 

placed. 


Analysis and Inter- 
pretation of Results 


30 cu, ft. per mi llion 
gal . grit storage 
space is general ly 
prov ided in grit cham- 
ber channels. Grit 
chambers should be 
cleaned about every 
2 weeks under normal 
conditions and every 
few days at times of 
successive storms. 
Large amounts of grit 
gathering in screen- 
ing chamber in sani- 
tary sewage treatment 
plant may indicate 
broken I ines , pre- 
sence of i 1 legal 
storm drain connec- 
tions, open manholes, 
etc. Modern tendency 
is to provide a gr it 
chamber for treatment 
plants treating san- 
itary sewage as wel 1 
as for those treating 
combined sanitary 
sewage and storm 
drainage. 


Amount skimmed from 
tanks varies from 
0. 1 to 5.0 cu. ft. 
per mill ion gal. 
Volume above normal 
may indicate indus- 
trial, garage, etc . , 
waste discharge. 
Grease causes clog- 
ging of pi pes and 
should be removed as 
early as possible in 
the treatment process. 
Grease and scum should 
not be put in diges- 
ters because it in- 
terferes with diges- 
tion and drying of 
the sludge. 


See Tables No. 

and C, page 5- 
average values 
sewage, and va 
eff iciency of 
to be expected 
the various un 
and the plant 
whole. Higher 
of suspended $ 


A.B, 
40, for 
of raw 
1 ues and 
removal 
from 
its 
as a 
amounts 
ol ids 


Brief Procedure 
of Test 


Can be measured by 
allowing the collect- 
ed mater iai to stand 
in a tank unt i 1 sepa- 
ration of the water 
and scum takes place. 
The water is drawn 
from the bottom of 
the tank and the vol- 
ume occupied by the 
scum measured. Care 
should be taken to 
ascertain if gases in 
the scum have escaped, 
causing the scum to 
sett I e as si udge . 
Sludge setti ing with 
the water should be 
measured as part of 
the scum. 


A Gooch crucible is 
prepared, ignited, 
and weighed. A sam- 
ple of sewage or ef- 
fluent of 50 to 100 
mi 1 1 i 1 iters (ml . J is 
f i Itered through and 
the crucible is dried 
for at least hr. 
in an oven at I03®C. 


i 



SEWAGE TREATMENT 
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ANALYSES 


TESTS - 4 


Test 


Un its 


Samp 1 i ng 
Points 

(4) Final 
effluent. 

(5) Aeration 
Tanks . 

(6) Super- 
natant from 
d i gestors . 


Reason for Test 

To determine re- 
duction of suspended 
sol ids by each unit 
in the plant. 

(5) To determine 
character i st ics of 
activated sludge, or 
the sludge index, to 
ascertain the proper 
t ion of the mater i a 1 
which settles with 
difficulty. 


Total 
sot i ds 

( inci udes 
screen i ngs, 
grit, scum, 
suspended 
sol ids and 
dissolved 
sol ids). 


P. p.m. 


(1) Raw 
sewage . 

(2) Final 
effluent. 


To determine 
character i st i cs and 
cond i t ion of the 
sewage . 

To reveal indus- 
trial wastes. 


Ana lysis and Inter- 
pretation of Results 


in raw sewage may in- 
dicate industrial 
wastes or low per 
capita flow. Smal ler 
amounts of suspended 
solids and large flows 
may i nd icate infil- 
tration. Lower ef- 
ficiencies than nor- 
mally expected may 
indicate that units 
should be cleaned and 
mechanical equi pment 
adjusted more often 
(tanks and f i Iters ) . 
The low eff i c ienc ies 
may also indicate 
that the re-circula- 
t ion rat io in high 
rate tr ick ling f i Hers 
should be changed, or 
that the amount of 
return act i vated 
sludge and air supply 
I n aerat ion tanks 
should be increased. 

(5) Aeration tank 
samples (activated 
sludge process ). 

Limits of suspended 
solids in mixed I iquor 
should be 1200 to 
3000 p. p.m. for d if- 
fused aeration plants 
and 500 to 1200 p.ptm. 
in mechanical aera- 
tion plants. 

(5) "Sludge index" of 
lOO is normal ly ex- 
pected in d if fused 
air plants . "Sludge 
index" may be as high 
as 300 in mechanical 
aeration plants. 
"Bulking" occurs with 
higher "sludge in- 
d ices . " When bulking 
occurs, sludge rises 
and flows over ef- 
f I uent weirs. 

The following are 
the average p.p.m, 
of total sol ids 
that different 
strengths of sew- 
age would conta i n . 

Weak. ^00 p.p.m. 
medium. 700 p.p.n. 
strong. 1200 p.p.m. 


Brief Procedure 
of Te^t 


It is then cooled in 
i n a des i ccator , 
weighed, and the 
parts per mill ion 
(p. p.m. ) suspended 
sol ids calculated by 
multiplying the gain 
i n we i ght i n m i 1 I i - 
grams by one thousand 
d i V i ded by the njl . of 
sample taken. 

(5) Sludge i ndex i s 
the vol ume in m i 1 M - 
1 i ters occup i ed by 
one gram of dry sus- 
pended matter after 
the aerated 1 iquor 
has settled for 30 
min, A one I i ter 
sample from the out- 
let of the aerat ion 
tank is settled 30 
irin. in a 100 ml . 
graduated cy 1 inder 
and the vo 1 ume oc- 
cupied by the sludge 
i s reported in m i 1 I i - 
I i ters . 

The dry suspended 
sol i ds are t hen de- 
termined in parts per 
mill ion . 

Computat ion : (ml . 
set 1 1 eab 1 e s 1 udge ♦ 
p.p.m. suspended 
sol ids ) X 1000. t 


Total sol ids are de- 
termined by drying at 
I03^C. a sample of 
50 ml . in a si I ica 
dish, which previous- 
ly has been ignited 
and we ighed , The 
d i sh conta i n i ng the 
dry sol ids is cooled 
in a desiccator and 
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SEWAGE TREATMENT 


ANALYSES AND TESTS -5 



Test 


Un i t s 


Samp] j ng 
Po i nts 


Reason for Test 


Analysis and Inter- 
pretation of Results 


Brief procedure 
of Test 


Dissolved P.p.m. 
sol ids. 


VoluiPC of c.c. or 
sett leab le ml . per 
sol ids , 1 iter , 


pH 

(Hydrogen 
ion concen- 
trat ion). 


( I ) Raw . 

(2) Primary 
setti ing 
tank 

effluent. 

(3 ) F i 1 ter 
ef f 1 uent . 

( 4 ) Final 
effluent , 


(I) Raw 
sewage • 

(2J Final 
effluent. 


( 1 ) Raw 
sewage . 

(2) Pri- 
mary tank 
ef f 1 uent. 

(3) Final 
ef f I uent . 

( 4 ) S 1 udge 
in settl- 
ing tank. 


To reveal breaking 
down of sewage during 
treatment and ef- 
fectiveness of treat- 
ment on the port ion 
of organic matter 
which is In solution. 


Where pr irrary treat- 
ment is used and 
laboratory facilities 
are I imited, test 
affords approx imate 
measure of perfor- 
mance , 


(I) To reveal staleness 
and presence of indus- 
trial wastes in raw 
sewage. 

(I) To determine proper 
kind of chemicals and 
dosage in chemical 
treatment plants for 
good coagulation and 
precipitation. 

2)i3),4) To determine 
pH in order to control 
conditions in the 
tanks, by adding neces- 
sary chemical , so as to 
promote bacterial ac- 
tivity and prevent 
sludge bulking. 


Suspended sol ids are 
usual !y about of 
the total sol ids. For 
industr lal wastes , 
some dissolved solids 
may have to be re- 
moved before the ef- 
fluent is put into 
waterway. 

Indicates age of sew- 
age, The more stale 
the sewage is the 
greater the per cent 
of d issolved sot ids. 
For domestic sewage, 
d issolved sol ids have 
normal ly little mean- 
ing, Dissolved sol Ida 
in domestic sewage is 
usual ly approximately 
2/3 of total sol ids. 
For industrial wastes, 
dissolved solids may 
have large B.O.D. re- 
quirements which must 
be sat isf led. 

Imhoff tanks and 
primary setti ing 
tanks should remove 
about 45 to 60^ of 
suspended sol ids. 


( I )pH values in raw 
sewage lower than 
the pH of the water 
supply indicate 
septic or stale 
sewage or presence 
of industrial wastes, 
pH values higher 
than that of the 
water supply also 
indicate industrial 
wastes. 

(1 } In chemical 
treatment, the var- 
ious coagulants give 
best results for spe- 
cific ranges of pH. 
Coagulant pH range; 


weighed. The calcu- 
lation is the same 
as that for suspended 

so I ids ,t 


Dissolved solids are 
determined by sub- 
tracting the total 
suspended sol ids 
from the total sol ids. 


An Imhoff cone is 
filled to the 1 iter 
mark with a thorough- 
ly mixed sample. 
Settled for I ,75 hr; 
the material cl inging 
to sides is gently 
knocked down and 
settled 0.25 hr. 
longer . The ml , of 
settleable sol ids 
is then read on the 
Imhoff cone gradua- 
t ions. 

The hydrogen ion con- 
centration of sewage 
and sludge is deter- 
mined by colorimetric 
methods (color com- 
parison). Color in- 
dicators for pH ranges 
between 5.2 and 9.6 
are of greatest use. 
Sludge samples are 
di luted with n ine 
times their volume of 
distil led water and 
al lowed to settle. 

The supernatant is 
decanted and used for 
the determinations. 
Electrometric methods 

are used for more 
precise determinations. 
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Test 


Un i ts 


Sarrp 1 i ng 
Po i nts 


Reason for Test 


Ana lysis and Inter - 
pretat ion of Resu 1 ts 


Br ief Procedure 
of Test 


( 5 ) Si udge 
in digestion 
tanks . 


Total P.p.m. in (1) Raw sew- 

alkal in ity. terms of age primary, 

CaCOo 

(2) Tank 
ef f I uent . 

(3) Final 
ef f 1 uent . 


(B) To determine the 
cond it ion of the 
sludge in the separ- 
ate digest ion tanks , 
or in the d igest ion 
chamber of an Imhoff 
tank . 

(B) To determine dos 
age for coagulat ion 
pr ior to vacuum fil- 
tration. 

To determine ef f i - 
ciency of chemical 
treatment plants. 


Al urn i num 
sul phate 
(alum), 

Ferrous 
sul phate . 

Ferr i c 
sul phate , 

Ferr ic 
chlor ide, 


S.B to 8.0 


8 . B "11.0 


B.O " M .0 


B.O " 11.0 


(B ] For proper diges- 
tion of si udge , the 
pH value should be 
kept above 7.3. Values 
lower than 7.0 indi- 
cate ac id cond i t ion 
and should be correct- 
ed by add i t ion of 1 ime 
to d igesters. 


High va 1 ues i n raw 
sewage indicate in- 
dustrial wastes, 
Domest Ic sewage i s 
normal ly alkal ine 
(approx imate 1 y 20 to 

40 p.p.m. ). 


To a 100 ml , sample 
of sewage 4 drops of 
methyl orange i nd i - 
cator are added and 
the sample i s t i trated 
to the end point w ith 
N/BO sulfuric acid. 
The ml , of acid used 
are multiplied by 10 
to give p.p.m. total 
alkalinity as calcium 
carbonate . 


Total 

acidity. 


P.p.m. in { I J Raw sew- 
terms of age pr imary . 

CaCO^ 

(2 ) Tank ef f 
1 uent . 

(3) Final 
ef f 1 uent . 


To determine efficien 
cy of chemical treat- 
ment plants. 


High values in raw 
sewage indicate in- 
dustrial wastes. Oc- 
mestic sewage is nor- 
mal ly alkal ine (ap- 
prox Imatel y 20 to 
1*0 p.p.m. ) . 


Ten drops of phenol- 
phthalein are added 
to a 1 00 ml . samp 1 e 
of sewage and t he 
sample is t itrated 
with N/BO sod i um 
hydrox i de unt i I a 
permanent end point 
i s reached . The ca I - 
cu 1 at ion is the same 
as that for alkal i n 1 1 y 


S I udge . 


(1) Mois- (I) Solids 

ture and and mois- 
total tures in 

sol ids. % of sam- 
ple of 

(2) Ashandsiudge. 
vol at i le. 

(2) Ash 

(3) Tern- and vola- 
perature ofti le mat- 
sludge in ter ini 
digesters, of dry 

sol ids. 


( I and 2 ) 
Fresh sludge. 

( I ,2, and 3) 

In Imhoff 
tank and 
separate d i - 
gest i on 
tanks . 

(I J Sludge 
bed before 
and after dry 
i ng . 


For control of sludge 
works, drying, vacuum 
f i I trat ion , d iges- 
t ion, or inc inera- 
t ion . 


( I ) Mo i sture of fresh 
and d igested s ludge is 
usually between 85 and 
99% dependent upon the 
process of treatment. 
In general the longer 
the si udge is d igested 
and the greater the 
amount of supernatant 
rerrvoved, the less will 
be its moisture con- 
tent . Vacuum f i 1 ter s 
and centr i f uges will 
produce a sludge cake 


( I } Mo i sture and 
total sol ids : Weigh 
50 grams of s 1 udge as 
rapidly as pos s i b 1 e 
in a tared evaporating 
dish. Evaporate todry- 
ness overnight in an 
oven at I 03°C . , coo I 
in a desiccator and 
reweigh or evaporate 
on a water bath, dry 
at 1 03°C . , coo 1 , and 
weigh to constant 
we i ght . 
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I t < 


SdKp I ing 
^ 0 i nt s 

i I 1 Before 
and aftfr 
vacuum f i I 
trat ion. 


Reason for Test 


Analysis and Inter- 
pretation of Results 

with a troisture content 
between 55 and 8&t. 

Sludge must be condi- 
tioned with chemicals 
prior to vacuum f 1 1- 
trat ion. Doses of 

I ime, 5 to 1 5% of the 
dry sol ids, and doses 
of ferr i c chloride, 

1 to 5% of the dry 
sol ids are general ly 
effect i ve. 


Brief Procedure 
of Test 

(2J Volatile sol ids 
and ash: Ignite the 
res idue from the de- 
termination of moisture 
in an electric muffle 
at 6(K)°C. {dull red 
heat) for 60 min. 

Cool in a desiccator 
and reweigh. 


I it I 

St aO i 1 1 1 f 

: i b 1 1 1 1 f j 


St lb I I I t y ( I ) i I ter 
or da eft I u^nt . 

e 3 'j I r e :j 

fo'’ de- (2 ) Pinal 
'tolot'ija- yen t , 
t I on . 

(3) Stream 
above . 

(4) Str^aif 
belo^r. 


To determine the % 
of otygen ava i lable 
35 d issolved nitrite 
nitrate, oiygen to 
the total oiygen re- 
quired to satisfy 
th^ B.O.D. 

To determine ade- 
quacy of treatment 
for discharge into 
r ece iving stream. 


Th i 5 determinat ion 
is being rep 1 aced 
by more eiact 
tests , such as 


When sludge is dewater 
ed to 80% moisture or 
less it may be mixed 
with garbage and rub- 
bish and burned in an 
incinerator. High 
moisture content indi- 
cates ineffective con- 
centrat Ion. 

(2) High ash reflects 
grit or industrial 
wastes. Low reduction 
of volat i les dur ing 
digestion indicates 
low efficiency of di- 
gest ion. 

(3) Best temperature 
for mesophi I ic (medium 
temperature) digestion 
85® to 95°F, normally 
should be maintained 

in digesters. 

Best temperature for 
thermoph i I ic (heat 
loving) bacteria is 
I25®f. 


Fill a 1 50 ml . g lass- 
stoppered bottle with 
sample, avoiding 
aeration. Add exact- 
I y 0.4 ml . of methyl- 
ene blue indicator 
solution below the 
surface of the 1 iquid. 
Incubate at 20®C, with 
a water seal, observ- 
ing the sample daily 
until decolor izat ion 
takes place. 

Results are reported 
as fol lows: 
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Test 


Units 


Samp] tng 
Points 


Reason for Test 


Analysis and Jnter- 
pretat ion of Results 


Brief Procedure 
of Test 


Oxygen 
consumed 
(test now 
being 
large! y 
superseded 
by B.O.D. 
test ). 


P.p.m. 


( 1 ) Raw 
sewage, 

(2) Tank 
effluent. 

(3) Final 
effluent, 


Dissolved 

oxygen 

( 0 . 0 .). 


P.p.m 


( 1 ) Raw 
sewage. 

(2) Filter 
and aerator 
effluent. 

(3) Final 
eff 1 uent. 


dissolved oxygen, 
nitrite, nitrate, and 
B.O.D. tests. For 
smal 1 olants with 
1 im i ted f ac II i t ies 
it is useful for in- 
dicating satisfactory 
operat Ion of the 
biological oxidation 
processes. 


To measure plant ef- 
ficiency in removing 
organic matter which 
takes up oxygen from 
receiving stream. Used 
in conjunction with 
B.O.D. test. 


To check performance, 
particularly of 
aeration tanks and 
f 1 1 ters . 


As a result of these 
tests, sewage may be 
classified as: 

Weak 75 

Medium 165 

Strong 265 

Th i s classification 
influences the size 
of f i 1 ters. 


Presence of dissolved 
oxygen (D.O.) I p.p.m 
or more in raw sew- 
age usually indicates 
fresh sewage and may 
indicate infiltration 
Stale and septic sew- 
age contains no 


Days % stab i I ity 
1 21 

3 50 

5 68 

7 80 

10 90 

12 911 

14 96 

16 97 

18 98 

20 99 

A sample of sewage or 
effluent of 5 to 100 
ml . is poured into a 
250 ml . flask . The 
total volume is made 
up to 100 ml . with 
distil led water, 10 
ml . of 1 :3 sulfur ic 
acid and 10 ml . of e 
standardized potasium 
permanganate solution 
(I ml . = 0.1 mg . of 
oxygen) are added. 

The flask is then 
submerged in boiling 
water for 30 min, 

10 ml , of an ammon ium 
oxalate solution 
equivalent to the 
permanganate are add- 
ed. The flask is re- 
moved from the bath 
and the sample is 
titrated with perman- 
ganate sol ut ion to a 
permanent pink color, 
A blank determination 
i s run on distil led 
water. The oxygen 
consumed value in 
p.p.m. Is calculated 
by subtracting the 
number of ml, of per- 
manganate used for 
the blank from the 
number used in the 
determination, mul- 
tiplying by 1000, and 
dividing by 10 times 
the volume of sample 
in m 1 ,t 

A 300 ml . glass- 
stoppered bottle is 
filled compi etel y 
with the sample; a 
minimum of disturb- 
ance and precautions 
are taken to prevent 
the entrainment of 
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Test 


Units 


Samp I i ng 
Po i nts 

(4) Receiv- 
ing stream 
above and 
below point 

of discharge 
of sewage 
ef f I uent . 


Reason for Test 


Analysis and Inter- 
pretat ion of Resu I ts 

dissolved oxygen. 
Solubility of atmos- 
pheric oxygen in water 
in summer is about 5 
to 7 p.o .m. , in winter 
about 10 to 12 p.p.a. 


•Bto- 

chemica 1 
oxygen 
demand 
(B.O.O.J 


P.p.m 


( I } Raw 

sewage • 

(2) Pri- 
mary tank 
ef f I uent , 


This is one of the 
bas ic methods of 
evaluat ion of plant 
eff ic iency and ade- 
quacy of receiving 


See Tables A.B. and 
C, page 5-40, for 
average values of 
raw sewage, and 
values a nd e f f i c i enc y 


Brief Procedure 
of Test 

of air bubbles. 0.7 

ml . of concentrated 

su I fur ic acid and | «| . 
of potassium perman- 
ganate solution are 
added below the water 
surface. After the 
stopper is replaced, 
the bottle is shahen 
and at lowed to stand 
for half an hour. The 
stopper is removed and 
1 ml . of ammon ium 
oxalate solution is 
added: the stopoer is 

replaced and the bottle 
reshaken. 


Wfien the p ink color 
disappears the stopper 
again is removed and 
2 ml. of manganese 
sulfate and 3 ml . of 
alkaline potassium 
iodide sol ut ion are 
added below the sur- 
face. The stopper 
is immediately re- 
placed and the bottle 
thoroughly shaken. The 

Pf-ecipitate that forms 
is al lowed to sett le, 
the stopper is removed, 
and I ml, of concen- 
trated su I fur ic ac id 
is added. Again the 
stopper is replaced 
and the bottle shaken 

unt 11 the precipitate 
is completely dissolved. 
Iodine is I iberated in 
proportion to the amount 
of dissolved oxygen that 
was present . A 20<hml . 
sample is withdrawn from 
the bottle and titrated 
«ith 0.I2S N sodium 
thiosulfate solution to 
the starch end point, 

Thn number of ml. of 

sodium thiosulfate solu- 
tion used is equivalent 
to the o.p.m. dissolved 
oxygen present in the 
sample . f 

The biochemical oxygen 
demand of a sample of 
sewage is determined 

by making three dilu- 
1 1 ons of the s amp 1 e 
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Test 


Units 


Sampl ing 
Points 


Reason for Test 


Analysis and Inter- 
pretation of Results 


Brief Procedure 
of Test 


(3) Filter 
ef f 1 uent , 

(4) Final 
ef f 1 uent . 

(5) Stream 
above# 

(6) Stream 
below# 

(7) 0 igestor 
supernatant. 


stream for the re- 
quired dilution of the 
eff 1 uent. 


•Chlorine P.p.m. 
res idual • 


Final 

effluent. 


To determine whether 
sewage is be ing 
chlorinated suffi- 
cient 1 y . 


•Presuinp- Most Final 
tlve probable effluent. 
(B colt number 
(bacteri- per 
ological ) mi 1 1 i leter 


To determine whether 
sewage is being suffi 
ciently aerated and 
ch lor inated. 


of removal to be ex- 
pected from the various 
units and the plant as 
a whole . H i gher va lues 
of B.O.D. in raw sewage 
may indicate industrial 
waste or stale or con- 
centrated sewage. For 
additional comments, 
see test "Total sus- 
pended sol ids." 


15 to 30 min, (de- 
pending on State 
health laws) after 
chlor i nat ion the 
chi or i ne res i dual 
should be 0.5 p.p.m 


Depends on size of 
receiving stream. For 
additional informa- 
tion, see p . 6-30 


with buffered distilled 
water saturated with 
dissolved oxygen and 
pi ac Ing each dilution 
i n a 300 ml , g 1 ass- 
stoppered bottle which 
is filled to capac i ty . 

A bott 1 e filled with 
the dilution water 
alone (blank) is in- 
cluded. The amount of 
dilution depends upon 
the strength of the 
sewage or eff 1 uent 
and is based on the 
estimated strenght 
range. The bottles 
are incubated 5 days 
at 20'^C. On removal 
from the incubator , 
dissolved oxygen is 
determ i ned on al 1 
samples. The o.p.m. 
B.0.0. is calculated 
for each dilution by 
subtracting the p.p.m, 
d I ssolved oxygen i n 
the dilution from that 
of the dilution water 
b 1 ank , multiplying by 
100, and dividing by 
the percentage dilu- 
tion. Results from each 
dilution are averaged 
to give the final re- 
sults. t 

Residual chlor ine is 
generally determined 
by the o-tol i d i ne 
test. Sometimes the 
starch- iod ine test is 
used . o-T 0 I i d i ne 
forms a yellow color 
with chlorine in acid 
solution. In mak ing 
the determinat ion, 

1 ml . of o-to I i d I ne is 
added to a 1 00 ml . 
sample of sewage or 
effluent. After 15 min. 
the color formed is 
compared with a series 
of standards in which 
the depth of color i s 
equivalent to known 
amounts of chlor ine .i" 

S^e "Standard Methods 
for Examination of 
Water and Sewage." 
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Test 


Units 


Saffipl ing 
Points 


Reason for Test 


AiMDcn ia 
n i trogen. 


P.D.n. 


( I J Raw sew 
age . 

(2) Filter 
or aeration 
tank efflu- 
ent. 

(3) Final 
eff I uent. 


To determine efficien- 
cy of f i Iters and 
aerat ion tanks in 
nitrification and sta- 
bil ization (changing 
N and NK 3 to NO 2 

and NO 3 ). 


* i trates 

(XO3) and 
nitr ites 

(XO.). 


P. D.a. 


( 1 ) Raw 
sewage. 

(2) Filter 
or aeration 
tank efflu- 
ent. 

(3) Final 
effluent. 


To determine effi- 
c iency of f i Iters and 
aerat ion tanks in 
nitrification and sta- 
b i 1 izat ion 
(chang ing N and NH 3 

to HO 2 end NO 3 ). 


Analysis and Inter- 
pretation of Results 

for extent of treat- 
ment required to change 
water with various 
amounts of B.coir 
into drinking water. 

The following are the 
average p.p.m. of 
ammonia nitrogen in 
various strengths of 

raw sewage. 


Weak 

Medium 

Strong 


■4 o.p.m. 
12 p.p.m. 
22 p.p.m. 


High values in raw 
sewage indicate 
strong sewage or in- 
dustrial wastes. 

Use results obtained 
for filter effluent 
and final effluent in 
conjunction with re- 
sults of Nitrate- 
nitrite test. 


Average HO 2 and NO 3 

production from N and 
MH 3 by var ious pro- 
cesses is as follows: 

Tr ickling 

filters 2 to I 3 p,p.m. 
Sand 

filters »4 to 12 p.p.m. 
Activated 

sludge O.lto 6 p.p.m. 

Sedimenta- 
tion or 
Ifflhoff 

Tanks 0 p.p.m. 

Chemical 

treatment o p.p.m. 


Brief Procedure 
of Test 


fresh 5 c-.,e; oxygen. B O.D. requirement (p.p.m.) is generaity 

. than total suspended solids (p.p.m*). 

ta * se-ag*: Contains no dissolved oxygen. B.O.D. requirement is generally 

higher than total suspended solids. 

ept.c sevage: Undergoing putrefaction In absence of oxygen. B.O.D. requirement is 

fT-it* frJ : ** ’'!*?“* ■«»» than total suspended solids. 

*”“=*«tion-s p.-phlet on Principles of Sewage 


Stale sewage: 
Septic sewage: 


100 ml • of sample are 
placed in graduated cyl- 
inder and I ml . of 10% 
copper sulfate solution 
added. Mix solution and 
add I ml, of 50% sodium 
hydroxide solution. Mix 
solution again and allow 
precipitate to settle. 

A measured portion of the 
clear superhatant is pi- 
petted into a Nessler 
tube. Add 2 ml. of Hess- 
ler»s solution and fill 
tube to the mark with am- 
monia-free water. After 
10 min, the color formed 
is compared with perma- 
nent or previously pre- 
pared standards of known 
ammonia-nitrogen content. 
Calculate from matched 
standard the p.p.m. am- 
monia nitrogen in sample.l" 

A 25 ml , sample of 
effluent is placed in 
a small casserole, 2 
ml. of sodium hydrox- 
ide solution are added 
and the mixture is 
slowly boiled down to 
half volume. The sample 
is then washed with 
ammonia-free water into 
a large Pyrex test tube^ 
having a 100 ml, cal- 
ibrat ion mark. The 
tube is f il led to the 
mark with water and a 
strip of aluminum foil 
added. A stopper e- 
quipped with a Bunsen 
valve is fitted tightly 
into the tube. When the 
reaction has ceased and 
the I iquor is clear, 
pipette off 50 ml. 

Aliquots of this sample 
are Nessler ized and 
compared with ammonia- 
nitrogen standards. 

From the matched stand- 
ards. the p.p.m, of ni- 
trogen as nitrite- 
nitrate is calculated.t 
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CLASSIFICATION OF SEWAGE TREATMENT PLANTS 


FOR 


SCHEDULING LABORATORY FURNITURE AND EQUIPMENT 


Plant Types 


C I ass if icat i on 

Per 1000 Population Capacity 
38 & 12 to 38 6 to 12 
Over 


1.5 to 6 


Complete treatment with separate 
s I udge d i gesters 

Primary tanks and separate digesters 
primary treatment only 

Imhoff tanks with trickling filter 
or slow sand f i I ter 

Imhoff tanks only, or sand 
f i Iters only 


RECOMMENDED LABORATORY FURNITURE FOR SEWAGE TREATMENT PLANTS 


For Type "A" plants 

For Type "B" and "C" plants 

For Type "0" plants 


Items I , 2, 3, and 4 
Items 2, 3, and 5 
No furniture 


Item i. One (I) industrial chemistry laboratory table, 72" long, 48" wide, 36" high, equipped with 
32 drawers 10 1/2" wide, 16" deep, and 6 3/4" high, 4 cupboards 10 1/2" wide, 18" deep, and 
27 3/4" high; one (IJ bottle rack 68" long, 10" wide, and 18" high, one drain trough of lead- 
lined or stone construction, 66" long, 6" wide, and 3" to 6" high, and one stone sink 20" long, 
12" wide, and 12" deep. The cabinet shall be built of oak, the top shall be Shelstone or 
Alberene stone I 1/4" thick. The bottle rack shall be black carbonized. Equipment, 3 straight- 
way water cocks, one bib water cock and one set of sink fittings. Table to be equivalent to that 
of the following companies: 

E. H. Sheldon & Co., Muskegon, Mich. No. 11268 
W. W. Kimball Co., Chicago, Ml. No. 502 

Hamilton Mfg. Co., Two Rivers, Wis. No. L — 512 


Item 2. One (I) balance shelf, 3* long x 2' wide; oak construction except for I 
black carbonized top; equipped with drawer 21" wide, I5"*deep, 3 3/4" high. 


5/8" thick b irch, 
Shelf to be equiva 


lent to: 

E. H. Sheldon & Co, 
W. W. Kimbal 1 Co. 
Hami Iton Mfg. Co. 


No. 12520 
No. 682 
No. L — 1174 


Item 3. One (I) supply case, 48" wide, 15" deep, 80" high, upper section glazed 44" wide, 60" high, 
with 3 adjustable shelves; cupboard section 44" wide, 12" deep, 13" high, of oak. 


E, H, Sheldon & Co, 
W, W . K imbal I Co, 
Ham i Iton Mfg . Co. 


No. 41040 
No. 9562 


Item 4. One (1) lower section cupboard unit 37 5/8" long x 24" wide x 36" high, containing one double 
cupboard 34" wide x 28 1/4" high x 20.5/8" deep, with one stone sink 14 1/4" long x 10" wide x 8 
deep with one set of drain fittings, one cold water pantry cock, and one double electric receptacle 
for IIO-v A.C,, table top to be scored to drain to sink. 


* From Engineering Manual, War Dept., Corps of Engrs. . Jan. 1943. 
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E . H . Sheldon i Co , 

W. W. Kimball Co, 

Hairilton Mfo, Co. L--6(W 

;rs;*r5/8"^;irc: tabu tops, which 

IteiT’ 5. One (|) chemistry laboratory table, 60" to 96" long, 36" high, 30" wide with an intenr,l • i, 

boards' a'nd■she^'’^' V'' " for insulfation agL'n t 1 w 'cup 

boards and shelves below on one s.de only. Too to be Shelstone or Alberene stone 


quantity 

Type of Plant 
A A B C 0 


RECOMMENDED LABORATORY EQUIPMENT FOR SEWAGE TREATMENT PLANTS 


DESCRIPTION 


Analytical balance, Chainomatic, notched beam, student 

iToae I 


3 2 


, •■'T OLUUCIIL 

I I Balance weights, set I gm. to 100 gm., gold plated, " 

no fractional, w/case S— unui; 

Balance. Harvard, metric, I kg, beam grad, to l/IO gm S— 3 ?i^ 

r Un' Class C, I gm. to 1000 m,® ’ J 2 I 5 

Drying oven. Thelco No. IN. i|0-v , 

j I Rheostat for muffle furnace 

‘’pH'"dIte;m?"%‘-''° P°^table electrometer for 

pH determination w/extra glass eledtrode and buffer sol Cameron 

y rogen ion apparatus color comparator— pH. LaMotte or ’ 

Hellige w/bromothymol blue stds, n ui 7 oc 

PH standards LaMotte or Hellige cresol red. range K sl'i 7 « 

' ' '"Eimer^°I'a^°°: mechanical cooling, Frigidaire type, or 

timer 4 Amend water bath type ^ 

'air'hoir pump, and 

2 j CorRs XXY assorted sizes, bag of 100 ' 

2 2 funnels: Analytical 75 mm. ^2^055 

.2 2 Short stem 150 mm. 

Buechner 2 A * » 35305 

1 I tubing, 5 to 10 mm., assorted per 16 e ' 4 OO 75 

' I Glass rod. 6 mm. per 16 b— N0075 

2 Glass T-tubes, 8 mm.c.d. 

^ Pipettes, transfer 100 ml, g'’fiqcnf 

2 1 - - 50 m. S-69505 

2 I - , 25 m. S-69505 

2 1 - - S-69505 

2 2 " " j 1^,’ S— 69505 

6 “I Pipettes. Mohr, 10 ml., g;ad. to l/IO ml. S-69555 

2 Supports, iron. large. S-S 

Spatula, stainless steel. 100 mm. L-7W45 

- For activated sludge plants only. 

ngineenng Manual. War Dept,. Corps of Engrs., Jan. 1943. 


E. H. 

Central 

F isher 

Sargent 

Sclent if ic 

Sc ient i f ic 

i Co , 

Co . 

Co. 

S— 2675 

1020 


S— 40>t5 

8180-B 

2-215 

S— 3215 

3470 

2-035 

S— 4285 

9140 

2-300 

S— 64055 

95000 

13-265 

S— 36855 

13675-A 

10—510 

S— 36875 

13678-A 



Cameron. Beckman, Coleman.or equal 


21500-H 

21550-K 

21560-K 


5— 985-A 


assorted per 16 


S— 84125 

29015 

15—440 

^ic Flush Tank Co., 

Bui 1 et in 

S— 23055 

12402 

7—785 

S— 35315 

15055 

10—237 

S— 35305 

15070 

10—320 

S— 35555 

18590 

10—355 

S— 40075 

14075 

11—350 

S— 40095 

14050 

11—375 

S— 82725 

15650 

15—325 

S— 69505 

16355 

13—650 

S— 69505 

16355 

13—650 

S— 69505 

16355 

13—650 

S— 69505 

16355 

13—650 

S— 69505 

16355 

1 3—650 

S— 69505 

16355 

13—650 

S— 69555 

16325 

13—665 

S— 73045 

48005 

14—050 

S— 73045 

18005 

14—050 

S— 78305 

19005 

14—670 

S— 75245 

18755 

14—365 
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SEWAGE TREMMEMT - LAbORATORY EQUIPMENT'-? 


RECOMMENDED LABORATORY EQUIPflENT FOR SEWAGE TREATMENT PLANTS 


QUANTITY 

Tyoe of Plant 
A £ B C D 

1 I 

2 1 

1 I 

2 I I 

2 2 

4 2 

I i 

1 I 

2 2 

I I I 

1 I 
6 

2 1 

12 6 

2 

6 3 

6 3 


DESCRIPTION 


CATALOGUE NUMBERS 


2 

1 

2 
2 

20 

10 

10 

I 

6 

I 

I 

I 

I 

6 

I 

I 

12 

8 


10 

10 

10 

1 

4 

1 

I 

I 

I 

3 

I 

I I 
6 

6 3 


Spoon, horn, 150 mm. 

Thermometers: I 0°C . to I 10°C. 

" lO^e. to 250°C. 

" I0°F. to 220OF. 

Crucible holder, Walter 

Graduated cylinders, double grad,, I liter 
" " " " 500 ml. 

" " " " 250 ml . 

” " " " 100 ml . 

Low form " " " 100 ml , 

Desiccator, Schiebler, with plates, 250mm, 

Dishes, evaporating, Coors, porcelain, 150ml, 

Files, triangular tapered, 4" 

Filter paper, No. 500 per pkg, of 100-9 cm, 

n « n I, « n n |00-12.5 CW . 

Flasks, Erlenraeyer, Pyrex, 500 ml. 

Flasks , 250 ml , 

Flasks, filtering, side tubulature, 500 ml. 

Flasks, volumetric, 1 liter 

" " 500 ml . 

" " 250 ml . 

" " 200 ml . 

" " 100 ml. 

Flask, vol umetr ic, 200 ml., large mouth for D.O, 

Filter, Sedgewick, rafter graduated for B .0 .D .d i 1 ut ion 
Plate, spot, size 00 plate, porcelain 

Tongs, crucible, lock joint, 95 " 

n n -t r» HI n 

Triangle, Nichrome 2*' 

Wire gauze, chromel 4" x 4" 

Rubber tubing, medium wall pure gum per ft. 

n n n it n ^ ^ ^ 

Rubber tubing, vacuum, 

Filter pump, Richards, size A 3/8" 

Bottles, dropping 30 ml. 

Funnel support, 4 place 
Brush, test tube, med. 

" flask, s ize 0 

Mortar and pestle, porcelain, 100 mm. 

Bottles, 5 gal . 

Still-water, Stokes gas heated 
Chlorine testing set 

Automobile radiator hose for water seals, per ft. 

Milk kettles, ivory enameled, seamless 4 qt, cap. 

(for sample storage) 

Beakers, Pyrex, 2 liter 
" " I liter 

" " 600 ml. 

" " 400 ml . 

" " 250 ml . 

" " 50 ml . 


E. H. 
Sargent 
& Co , 

S— 75175 
S— 80005 
S — 80005 
S--800I5 
S— 24475 
S— 24685 
S--24685 
S— 24685 
S--24685 
S--24765 
S— 25015 
S— 25505 
S — 32225 
S--329I5 
S--32915 
S--34355 
S — 34355 
$*-34375 
S--34805 
3^34805 
S--34805 
S— 34805 
S— 34805 
S--34995 

S— 84015 
S--70025 
S-69985 
S — 82205 
S — 82215 
S— 82445 
S— 85315 
5—73505 
S— 73505 
5—73535 
S — 33565 
5 — 8745 
S— 78815 
S--9995 
S— 9965 
5—62235 
5—8435 
S— 27645 
S— 83825 


5—4675 
S— 4675 
5—4675 
5—4675 
S— 4675 
S--4675 


Central F i sher 

Sc i ent i f i c Sc i ent if i c 
Co. Co. 


18775 
19240 
19240 
19280 
181 10 
16105 
16105 
16105 
16105 

14560 

18575-2 

88325 

13250 

13250 

14905 

14905 

14985 

16220 

16220 

16220 

16220 

16220 

16290 

29030 

18600 

18600 

19620 

19620 

19705 

19960 

18200 

18200 

18204 

13205 

10535 

19035 

10972 

10985 

17380 

10310 

12805 

29255 


14265 

14266 
14265 
14265 
14265 
14265 


14- 

14- 

14- 

14- 

8 - 

8 - 

8 - 

8 - 

8 - 


-425 

-985 

-985 

-990 

-285 

-555 

-555 

-555 

-555 


8-600 

8 — 690-C 

9— 725 
9—795 

9— 795 

10- -040 
1 0--040 

10—175 

10—200 

10—200 

10—200 

I 0--200 

10—200 

10—240 


15- 

-400 

13- 

-745 

13- 

-745 

15- 

-185 

15- 

-185 

16- 

-260 

15- 

-585 

14- 

-155 

14- 

-155 

14- 

-175 

9- 

-965 

2 - 

-980 

14- 

-740 

3- 

-590 

3- 

-570 

12 - 

-960 

2 - 

-885 

9- 

-055 


2 - 

2 - 

2 - 

2 - 

2 - 

2 - 


-540 

-540 

-540 

-540 

-540 

-540 


tFrom Engineering Manual, War Dept., Corps of Engrs., Jan. 1943 


SEWAGE TREATMENT - LAbORATORY EQUIPMENT*- 3 


QUANITT 


Type of Plant 
A i B C 0 


i: 

6 

7 : 

36 


6 

3 

2 ^ 

36 

I 

I 

I 

1 

1/3 

2 
I 

6 

6 


RECOMMENDED LABORATORY EQUIPMENT FOR SEWAGE TREATMENT PLANTS 


DESCRIPTION 


.00 


CATALOGUE NUMBERS 


Watch glasses, I 15 nm. \ doz , 

Bottles, glass-stoppered, flint glass, mach. made: 
32 oz . 

16 oz. 

8 oz . 

4 oz , 

Bottle washing, Pyrex, JOOO ml. 

Burettes, Geissler, blue line, 50ml, 

Burners. Tirril with stabilizer 
Clamps, burette, spring closing 

oinch, I doz. 

Stoppers, rubber, assorted sizes, solid, per lb,, $| 
Cork borer, brass set I to 6 
Crucibles, Coors, size I, wide form 

Gooch, sire 3, 0,7 mm,, perforation, 

Coors porcelain 


RECOMMENDED CHEMICALS FOR SEWAGE TREATMENT PUNTS 


E. H. 

Central 

Fisher 

Sargent 

Scientific 

Scientific 

A Co. 

Co. 

Co. 

S— 83605 

15850 

2—610 

S--8345 

10430 

2—915 

S— 8345 

10430 

2—915 

S«-8345 

10430 

2—9 1 5 

S— 8345 

10430 

2—915 

S-9365 

10710 

3—395 

S— 10635 

I5925-.C 

3—700 

S«I2295 

11025— C 

3—960 

S— 19045 

12120 

5—770 

S.-I9045 

12180 

5—850 

5—73305 

18150 

14—130 

S— 23175 

12460— B 

7—845 

S— 23665 

18535 

7—955 

S— 24315 

18565 

8—195 


ouAnrinr 


Type of Plant 


A S 6 

C 

18 lb. 

9 lb. 

IS lb. 

9 Ib. 

6 lb. 

100 gm. 

100 gm. 

1 lb. 

1 Ib, 

1 19. 

5 Ib. 

5 Ib. 

1 Ib. 

1 lb. 

1 Ib. 

1 lb. 

1 oz , 

1 oz . 

5 Ib. 

5 Ib. 

5 Ib. 

5 Ib. 

; Ib. 

i Ib. 

1 oz . 

1 oz. 

5 Ib. 

i lb. 

S Ib. 
b Ib. 

I Ib. 

i Ib. 

100 ge . 

100 *i1 . 

100 ■! . 


Obta i n 
5 Ib, 


f ield. Ampules 


ITEM 


5 lb. 


Sulphuric acid, C. P, 

Sulphuric acid, Tech. 
Hydrochloric acid 
Sodium azide* 

Sodium bicarbonate 
Sodium carbonate, anhyd,, C.P, 
Sodium hydroxide pellets, U.S.P. 
Sodium thiosulphate, cryst. 
Potassium iodide, C.P. 

Potassium bis-iodate, C.P, 
Potassium bichromate, Tech, 
Manganous sulphate, C.P. 

Potato starch 
Methylene blue, U.S.P. 

Asbestos, med. fiber, acid washed 
Ferric chloride, C. P. Lump 
Copper sulphate, cryst., Tech, 
Chloroform, U.S.P. 

Orthotol id ine 
Phenol pht hale in i nd i cat or 
Methyl orange indicator 
Calcium hypochlorite 
Calcium chloride, anhyd. 


• For tccondtrjr treatment plants only. 

r Fro* Engineering Manual, War Dept,, Corps of Engn., Jan. 1943. 
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WASTE DISPOSAL 


SANITARY FILL 


-One acre a/ 6 ft depth of garbage 
required for 10,000 to 25^000 


prevailing winds away 
from habitations. 


Drainage required to 

accessibility at oK times. 

Slope of repose 
K of earth fill. 

OPERATION : Truck dumps, 

/ / \ ^Q^iproenf spreads and compacts. 

\/ /\. At 6' garbage dept h, earth from trenctf^ 

X\!f ^oved to cover garbage. 


On O' 


f V 
< . ) 


y \ 


\ \ r 


b 


fhi 


Access by e^^i sting roads 
if possible. 


Average haul not to 

5 miles one way 
possible 


Trench 











ji S ' 




Garbage t horoughly compacted 
by bulldozer or drag- line bucket 

in layers of 12" moK, 

3Jo£e_2% 




Oriainalgrg 









Soil workable by drag-Jine or bulldozer to depth of 3 ft. 


m 












Wf* 


^Completed cells sealed trans- 
versely with H** earth at end of 
garbage deposit of each ^ week. 


FIG. A 


SANITARY FILL CONSTRUCTION 


table 

POPULATION 

Under 20,000 
20,000 io 50.000 “ 

Over 50,000 


B 


equipme nt 

TYPE 

Bulldozer 
Drag- line 


REQUIRED 

BOOM 


30 ft 

ft 


BUCKET 

! Cu. Yd. 
'/z Cu. Yd. 
3/4 Cu Yd. 


table C ^ ANTITIES OF REFUSE IN POUNDS PER CAPITA PER YE 

According to economical conditions localitu climate ^ Ry_B 

^ method of co/iection. ^ cnmoTe 

Average for large ci ties. ~ 

_NOte: Peak for shor F~periods = 14.0% to 200 % times average ~ 

Average unit weights^ Garbage = 40 /bs. per cu. ft; rubbish = 7.4! its. per cu ft 


PER YEAR^ 

RUBBISH 

30 to 150 


Data based on American Civil Eng. Handbook: by Mern 


man 8: Wiggin. 
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WASTE DISPOSAL 


INCINERATION 


Area= * 

• 4 Sf. f^.pen 

te- 1?? 


•/fTTi 

Cross Ser^//oncA 
Orca |M 

t?//^o 2z [iii 

/o O. sja, /y. per- 

for>per* c/oy. 


• I 


I'r 


l_J 


\S/ok/nj^ 

\Ooor\r 


4on^es^ -r 4 


I 

.15 

I 

I 





c: 

-S^ iL 

'kS 

0 cn 

'OsS 

3 tu 

/Vryrdc^ S 

; i; 


S‘ 


Shorts ge S'p o o£* - m ax. 

one- dag Co//ec//b/7. 


,Sn 

na 





> 


77 yar 


Yo/u/TTeoA 

Co/whtaA» 

Cho/Tihex 

c</. fA. T Ti ■ ■ 1 

pc/' A?n pereZay o/zh/xvA 

garbage /^fese^ \ ^ 






PL /NN 


^re /reo/en 

SE C 


yo/t/r77e o f /yr/ng 

Chdrrt^er 3 Ctj. per 

longer mlxecf 
^erhage S re/i/se- 

\^Gra/c ar^o J.2Sf.ff. 

per /o/> firrJ^o/'n^/xec/ 
porhajG 4 r^ /r/Se . 


Forced c/r^Fi" 


ION 


GARe>AGE ^ REFUSE PRODUCTION - 

£ctcf7 JOOO JDO/^U /a//^n prodtsC'GS' Oy:^rrsX- f fOns C? £ /^/x ^c/ pesr-S try G e^x>id rc 
pen <dau C/nc/^/d/Vip s/'oneSj res /‘o^nc^nr 7^^ ho / gAt, G QGrrorc9/ yv/'d^ ^or/cy//o/> 


c4g^gx 7 <d/x?p 0/7 e FF/c/ex7Cy o/" oo // go A/ t=^ ry sorv/ae, ^/c, 

///ph'CVoss /"GS’/dan/^/o/ sgo//'o/ 7 aJorjG p/*oc/*yoGx / /h^ pe/^ oap/fo pen c/oy, 

/^oo/" '• *• '* •• *• *^4 /S ^ 9t f* 

MonFFs oF FeS/^c/ary procFcr oes^ oF 0 x 7 x 700 / 7 ^ 0 / 0 / /oxrryopG, 

*• " AiJpcJsF '• i/^/o " •' ** « 

BASIC ELEMEN"rS OF DESIGN, 

xlveraye xrra/s yc/rc con /‘ex7 y- on xxr/xed yoxhoye x'gF/xsg - 33^/o 6y yve/yhF 

Aver^ape croxr/exv/ o F Coxry husy//>/G mo /-e/^/to/ z 4S% Sy xre/y/?/^ 

oF h/kr/ch /s ov ex- o ye x'es/duo/ OTh. 

These JO ereex? /oQGs xr?otJ v'oru SO^/o o/rove ox> 4e/ot\r dejoe/rd/ha or? charoc /ex oFco/ttj 


Q r^ee/r/ju res taenr/o/ co/nme/zj/ry y^/// p/oori/ce xr/yren yo or com oa s r/o/e /t? o rer/ o/. 
M/xed Co/r7 6cfs//S/e xno/er/o/ t^/// prodexce /OOC? 7 ^ SOOO S.TU. pe/^ pooxyd. 

Faroe d e/ra F/ repa/rec/ per />oax7 d oFco/774t/s//h/e mo/er/ig/ - TB oF a/r^ 

Moj<^ d. P. reguz/^ed per /or? oF corrfJxJs/ZS/e ma/er/o/ /hr Forced droF/ = O. 30 H* P. 

Oo Z/mu/Ti /empero/erre oF Fc/rx/ooGS » /ZS<D^ F, 

Pre///T?/r7 ary dry/rrp csrGO or sforope /? oppG rj' <d Fa\/e oopoo//y fo 

Qccommodo/o <3 Fu// do</ls /S/?r.) c-o//oc/Jorxs. 

C/earanoe /ry FroryF oF s/o/z/ny doom sFo^/d de d Fr. prea/er /For? /er?y/F oF/o/?yes/ 
s/o /z/nr^ /ooA , ^ 

Cus/o/rrory cA/'/yy/iey /-A = JOOf/. t'^SO /om. A/ave s£Jr/?our?d//ry ^/dps^ /i/A/so/ /o<? oo/zsp/Ci/ot/s . 

EXAMPLE - COMMUNITY 0F30 . Q00. 

1. ToAot wesAe prodcro//or> & 2^peroap//o aer day =» 2 x 30, OOO » 100^000 Jbs.c/ai/y 
%, /verapG rrta/s/^re o <or7 /orrF *^33i/o tc /oo^gOO"^ - ^3,000 //s. n/a/en 

i. Averager ys/o/er^ /r?o/r?era/or^ operaFanJ- S7S /ds.joer doi/r 

A'^Average corrydL/s/'/AJe- co/y/on/ “ 4 ~ 0 ^q x AOO,OGC>'^ ■ 40j000 /i?s, combasA/b/e 

Average cro/nbc/s-F/b/c pen hoexr f 3 Foc/r apero/zor?) = 5,000 /bs. per Foar^ 

G’Averape asF C'ory/ery/ = d /'a X /00,000 F = d,000 /bs . <7 S F 

7. Avez^gc asF p>er Foexr (3 boar operaf/’orr) , = ^ /bs^ osF 

&• Average fv/, o/r read (§> /3/bs^per /b^corrib a sFz 3/ e) •/9z(S.OOO'^^ SSOOO/bs. per boar 

^.Ca,FF, o F azr / XT? zr? > repaxrG d ^ /s / ^^,000 /bs^ - /^,000 O.F.rjy. 

\0,Capo o/ry f appro xZ/ryaiAe) oF />/op\^ez^ = J a^OOO C.Fzr?. /ess zia /ezra / droFr 

W.Hea^ reoi/ir'e me rr/^ ( /rom O^X. Zo 1230° X.) per- ho un. 

a. fr}ra/se 6 8 7 5 /As . ^Va /^er /o 2/2°X. = 2/2 XG.37S “ 1, 43TOOO e>.ra 

b. /o evoporo/e 6373 /6s. t^crhrr (& 2 1 2°h. = 9T/ G,&75 = 6.655,000 

C^/o ro/se s/efarr} /rorrt S/2°X. /o fzSO X. Z8 X /, 038 x 637 b “ 3, 4-Z 5,000 ■> 

d, /’o ro/se SS.OOa/hs. o/r /o /2SO°X. = .23 x 35,00 0 x /.2 SO = 29, 6 8 7.000 

e, /-o ro/sc 623 /6s. osh /o /230°X. = .20x625 x 12 SO = 156.000 

f, /ora/se S OOO /hs. com 6ujX'6/e /o/2SO°X.= . 20 X SPOO X t,250 = /, 250,000 

To fa/ 1-10"’/^ raoT/a //orj fosses = 4.6,926,000 6.T.U 


fSi//e£ff a e/-> er.Q /e c/ per hoc/r 

O, 3.000 /6s. com 6 c/s f/h /e (g> 73oO £>.T. i/. per /6. 

J3. //eof fo be sc/pp//ecX 6p Xc/e/ _ a,/- nr 

\A,Ga//e/ 7 S o// per hr. @ /SI, 3 00 & ,T. U./ter ^/. 

* 3u Tree/ J. 3 /e/o ,0.£. , Sarr/farj/ Eng'ineer. 


431.000 B.Tu 
6. 65 5,000 
3.425.000 

29,6 8 7.000 
156.000 
!. 250,000 
46,9 2 6,000 6.T.U 


/ 6 . 


- 37. 500.000 

9, 426,000 B.TU. 

=• ^23 galT.oi ! per hr. max. 


<b-00 


WATER 


SUPPLY 


DEMANDS 




/iFf=^CT/^G D£/y;/}f^D arre popu/of/on, per cop /Vo Consomp /-/orr, prejse/re 
ocjo./f^, Co^/, foc/Z/hes, cf/rr><yVer, a/r CO/Jc/zY/a/^/pp o/^<V c/s& o/ ms Zers. ’ 

Z. /A/Pas /£S on o//7er ^pcc/o/ /orpe corsomer^ Vo hs core/cr//^ Ce>z?s/<Vere<V. 

Z>. ^XTS/^S/OA/S OVSyST£MS : sarvey of press c/res ore/ co/ysampf/on best go /<Ve /a deS/gn. 

d. FUTU/?£ : 6gs/errys e/rcfex/srs/ors ore gsr/ero/Zy dcsJgnsd for 30 years hsro-s. 

5. ofsgsfcm fo bs so f fie/erf /o ds/ioerrroK. cfo//g f/o/o s/mo//oreoos/o ^/Vh 

.^e<^a rred Y/re f/e>i^,fsee Pg.6-0I)./^re f/o/o ger7ero//y governs des/gr> of c//s/rZ/>a//or sgsfem. 

TABLE A - AVERA6E DESIGN VALUES FOR MUNICIPAL WATER SYSTEMS I 


TYPE OE TOWfV 


Aes/cZen^/crf . 


McaZ/u m anc/ La^rg^ 

Aes/c/en//c^/, Ba sJn^s, Com/r^erce a 

3asca' on v^eJ/ rcpa/af-ecf an cf opera^ec 
Va/^yas /nc/eJoZe pabf/c uses, Cyas/e o 

TABLE B- FACTORS AFFECTiNG 

DEMAND. 


erntp^ /na^c/s/ng. 


A\/£AA^M PA^A/C/AZ^ 
GALS.PJSA CAP. PBP £>AY. 


gP" 75 

too 



'^rem, goocZ p/um h /ng ana/ np 
mfsca //a n <? ous» 


table c 


fa c top 



Qualify ± 





FFfCT/// % 


± lo 


± s 


± 20 


- /O 


FLUCTUATION OF 
DEMAND. 


Absence <?/*^c^v^7ac /ac/flf/cs 


I AfSs^nae o/ -*'20 fo f JOO^ 

z4i>oye fad/e exfreme/y opprox/meyfe, to be used 

on/(^ pre/Zm/nory fo comp/efe anaJys/s ^/nyfesh'yefton. 

TABLE D- COMMERCIAL WATER consump- 
tion IN THE BORO.OF MANHATTAN, N.Y.C. 


/VtAX/MUM DEAfAf/O 

% OPAV£PAG£ 
Af/Wmi 0£MANS 

/vIOf/TNLY 

110 - 125 

E>A/LY 

110-140 

A// 7 //^/v- difhouf f/re c/emand- 

• W//h f/re c/emanc/. 

ISO -720 

200-300 


type of &U/LD/ffG 

do/e/s 600 - )tOO 

Off/ce bo// d/ nos too - Sqq 

Department store s \00 ~ 400 

Apart msnt hote/s 200 - 400 

VC rags 30C» 


TABLE E -PLUMBING FIXTURES* 

SEE FIG. C -Pg.6-64. fOR FACTORS OF USAGE. 


Ft yTUAS 


Lavafory foucef^s. s/n y/e ■ 


&ofh fobs. Pacfcefs . S/n a/y 



PeSJTi/^E AT 
ourieT(fAt/c£ji 
G.P./S4. \w/AB OFi0f)AS.I. 


too - Soo 
too - 400 
200 “ 4 oo 


eShotf/en heads • 


^hpwcnrrf/xfhp Va/vss. 


Wafer c/ose^s. fanJk /a 


Wafer e/osens.f /ash ua/i/^s^ 


Garde/r hose £, /ryx .^/^ . 



T;? if ^ “ average design values 

FOB IN5TITUTtONALg>PRIVATE5Y5TEMS. 

OdSC /K/PTlOb/ £-i^ 


TABLE 6- MI5CEIL4NE0U5 REQUIRE MENTS.t 




Sma// dFfwlf/ngs. hsrm Aq/jlea^ 


A^rye cri^///f7as,Aexy^/j7fScPoo/^ 

/nst/fat/ors CSxcepf //asr/tg /j 

//osn/to/s 

Pop Jc/70a/s 

Doy sc/foo/s to/fA sAorzsrs 


26-40 


40-60 
75 - too 
75 - 125 
tSO - 250 
JS 
20 


OM4S77C E/XrURe & , 


F/7///jg fbe ord/norg /avaforg. 
F///ng fhe overage bat/itub. 
r/osh//yg tvofer cab/net c/oset. 
Sbotver ba/h. 

/.AirVA/ F/XTl/PE. 


'/2 /ocb hose iv/th nez x/e , 

^At/rcA hose lo/th rtoxz/e. 

/oion spr/rh/er 

Conf/rt/oos f/otv/ng drin k/ng founta/r. 
EAA/d At//hdA/LS . 

Foe ft Cohv or horse. 


GA/10//S 

F/z 

30 

6 

30 

FAlS.Pfg HA 


too Ch/c/serts . 


3oo 
120 
3 + 

0/>lS. P£g At. 

to 

S 

2'/Z 


App/, 














6-01 


WATER 


SUPPLY 


DEMANDS-Z 


FIRE 


REQUIREMENTS 


TABLE A- FIRE FLOW S- HYDRANT SPACING 
FOR PRINCIPLE MERCANTILE OR BUSINESS 
DISTRICTS FOR VILLAGES AND CITIES OF 
VARIOUS TOTAL POPULATIONS.* 

CSEE N 0 TE 5 BELOW fORREQUIREMENTS FOR OTHER DISTRICTS) 


/A/ S(pOAP£ /^£^r 


RSQmfO F/R£ 

^ ^ ,FlOW ATPAJ) 

PO Pc/ L A7^/ON Po/A/T 


POOPS 
Po/jot OOP a- 
OALS.PSP/^/aZ. 


/,000 


2, OOO 



6.000 


/O. 000 


\h ,ooo 


17,000 


22,000 


28,000 



OOO 


30, OOO 


loo, OOO 


123, OOO 


/so, OOO 


200,000 


1 , OOO 


I , 500 


2 , OOO 


2, 500 


3, OOO 


3.500 


A, OOO 


A, 500 


5.000 


G , OOO 


7 , OOO 


3, OOO 


9, OOO 


10,0 00 


II ,ooo 


12. OOO 



SA/G/A/£ 

3rPSAM3 


\20,ooo 


G 


a 


to 


10 


10 


10 


to 


10 


to 


to 


10 


10 


10 


lO 


10 



i to , OOO 



too .OOO 


D/pPcr 

HYOP. srpdAMS 


100,000 


90,000 


Ss, OOO 


73,000 


70,000 


TA&LE E> — PRESSURE 

REQUIREMENTS AS RECOMMEND- 
ED BY THE NATIONAL BOARD 
OF F I RE UNDERWRITERS . 


R^SiOUPL f 

PRESSURE ’ 
PT HYDRPNT 
LBS. PER 


to - 20 


co/vo/r/OA/ 


PUMPfh/O ENGINES 




15 



30,000 as , OOO 


GO 



35,000 


80,000 


70,000 


60,000 


35 , OOO 


43,000 


43,000 


40 , OOO 


40 , OOO 


40, OOO 


40, OOO 


40,000 


40,000 


40, OOO 


40,000 


do, OOO 


50 


5^ 0u/o oyer 200 , 000 . on <yc/aA///ano/ P/oyvoP 2,000 Ao 

8,000 n7. /Is for o S^enne/ fO /yoc/r / 7 >-e, 

fn P 0 Sfo^^nf/a/O/sfr/efS ^^ 7%e r9ai^/r^</ P/r^ jP/a 
efopenefs L/^ory fhc cfforcfcfcr orrer CQrypes//or> aP 
bujJofjrr^^. Sec f ion j tvAere bui/cf /rips ore snya// one/ 
of /ok^/ ana/ n^/VA oSot/f Vs ^he fofs /n a 6/ae4p 

ba//P aporr re<^c//re nof/ess fhor> SOO go//ons o rry/rre/fo; tv/fh 
/orger or higAer bai/<f/ngs e/p /a /,00O ga//on3 JS regy/re<Y, 

ana^ tv/fere fhe o//sfr/cf Js c/eyse/g or baz/a/ Pngs 

approocA fhe c/ //rye ns/ or? c>P Aofe/s orA/gfy \/a/Lre 
res/Wonecs, f,500 fo 3,0 00 ga//o/ys /s rega/ rcc/^ 

ap fa 6,000 ga//ons in a/enso/g bezi/f seop/ono 

Qp^“Sfe>rg bai/eP/f7g,s. 


DIRECT PLOW FROM PYDRPf 


\-~High va/ue eff's/ric/s 

7 r Dr's/ri c/‘ 5 \Azhere rtoi more 
ihan fO buiidrhgs exceed 3 
S lories and in closely buffi 
residenifo! sech'ons- 

SrVi/fage mercan IHe disfrids 
where buildings do noi exceed 
iwO siortes and in l/iinly 
buHi resideniiot seciions. 


^Residua/ pressure = pressure of hydranf 
when required P/otu is being del fvered . 


note • / 9 - W. W- R, recom mends a 

normal pressure of GO holSp-s.f. 
tn a d f'siri buifbn sgs/em a! aU f/mes. 


HYDRANTS 

{.” Common a rrang^menf of 

htydrani is one 4^" connechfon for 
fire engine pumper, and fv\zo 7 -/" 
CanneciPons for cf Preci hose 
con nec. fions- 

7.~ Conned hydrani io mam f/he wzi/h 
pipe noi /ess ihan LG" dPame/er, ga/ed 
and focahed a! sfreei inier secHon 
v^i/h access from four direefions. 


TABLE C. — METHODS FOR SUPPLYING PRESSURE FOR FIRE STREAMS** 

METHOD 

RECa /MMENOEP FOR USE 

1. 

Mainfenance of sufficienf pressure 

On ihe mains ai a// fPmes for 
dPreci hydrani ser\/ice for hose streams. 

For vU/ages noi provided wi/h fu/i fizme 
fPre depis. and mobUe pumpers. Noi usually 
economica/ for /arge commun Hies- 

?. 

Use of emergency fire pumps fo 
boosf fhe pressure in ihe disfrthuiion 
Sysiem during fires. 

For villages requ'zrizig higher pressures for fre 
fighiing ihan are desirable for normal consumption 
and where ihere are no mobile pumpers- 

3. 

Use of mobi/e pumpPng engrhes which 
fake suefion from ihe hy dranis. 

For at! coznmuntiies forge enough io moinioin 
modern and well- trained fire deparimenfs- 

a 

Use of a seporaie high-pressure disiribuitbn\ 
Sysiem for fPre proiecHon on/y. 

In high value disirtcis of forge ciHes. Supplcmenis 
mam disinbuiion sysiem. Pressures used ~ ,'30'300'^ff\ 


From Naftono I Board of Fire Underwriiers ■ 

From Dav/s , Honef book of Rpplied Hydrau/ics,^ /A^~ Gr^w -Fill. 
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WATER SUPPLY 


RAINFALL & RUNOFF 


PROCEDURE FOR OBTAINING RUNOFF DATA FOR A DRAINAGE AREA. 

l.Usc c ^ c ^ Z - c ^ /Z c7Uo //€ 7jb / e . fB ^ es / souroe U3 , Oea / og / a ?/ Survey ,) 

Supp/e rr^^r?Z bp re^rorc/^ oP s Zr&urn gag^c/ /r? ^orrie ca / f /-y. 

2- Zar y^r?eru/ pe,r,5 pea^/\/e See F/'g. C 6^ S) , Pg,G-OQ. 

3. For appr<DxlrnoZior?s use F/g . v! & he-/o^ c^r 7 G/ 7bS/e v! 3, Pq G -03. 
4. Sec Pg. Q Od S^Q-05 For resG-rwo/'r s'ZoroQQ, 

y* . » A A • A 


3. For oorr>p/e /e uryo/yZ/oo/ oou/yx/j- S'ce F/err?e^r 7 /p uF FucZra/og 
(Jobn yt///ey 3Jhr75 ) ur?/^ P/ver F/Schorge by HoyZ Grov^ p (uohn ZF/A 


ter 
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AAN £ 8 ysKA [\ rL _^ 0 UHAOH>o 




10 - 





\ 9 

1 
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q'C,S 
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/new 

MEXICO 


OK 
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FIG. A- MEAN ANNUAL PRECIPITATION - INCHES PER YEAR."^ 


//■-!' 4 l ( 1 

/ 1' I 


V.S 


Ai; 


'V , 34 ^ 


M>Lf% f 
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' 6 ^ I 


\\ 


Vf_AF- A,<r^ 




MINIMUM RAINFAI 1 , 

7 ^ear m /n . ra/n f aJf = Vo/ue in 
A y (/■0O~ CoefF/ c /g rr/ /n /y^. Q 4- 
4S yeo/“ m /n. ra/n fa// = Vb/ae /n 

F/p. A y( /■00-2y Coeff/c/er/A /n /■,,. a) 


- 1 





-Vl 


W- 


“ Jo 
•JS 


» ^^ - - \ 




Tjhe m/n/ rrjurn ro/ rt Pa// Far a 
per/oa/ oF 3 0 /a 4^0 yg^o'Pr 

/S r ^ CO rr? rry e n cF& o/ For^ 

^P>/c:/p^ < 0 / c/ cs/yr> - 


FIG, b RAINFALL COEFFICIENTS CAFTER HAZEN)!* 


^ Dra/r/a^^ f>rac,‘/aa Ay ^ra.ca 

^^orher 3cJra<au reaorr/s') , ^ 

rom Pu bf/c i^^ofer Supplies by F.S. Furry ea^re 


A4Pru . rJj ' sr ? ^ 3ascc / 


ory 


F /. . Fuss e //. 
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WATER SUPPLY 


RAINFALL & RUNOFF-2 


TABLE A- ANNUAL RUNOFF FROM STREAM DRAINAGE BASINS.' 


STREAM LOCALITY 


Hi\ t-r 

Hisrr 

Suilhiiry Kivt^r 

Hivt’r 

|^1«rriiik»r 
Lakr (J<H*li>1uwiv 

M ^ ^tic I 
\IJhiH Kuii 

Fi>iii|M*r;iii|t Kivrr 
Ki\**r 
Cn^ton Ki\**r 
Drla^arc Iti\er 
i<4«rr 

\«’:*<fllillj|||> ( *r*^k 

T«*lii4'knh ( >tH*k 
SuM|u«*hanna Kivit 
PMtiiiiiar Ht \ rr 
Kjv^r 
Do 

Rnunokp li>> 
Sh^'iiaiijoali Kivi r 
Ri V rr 


Wni**f \ itle. 

Oiir«liiH*r M nMl^ 

M f ^ 

tK 

rt'iMf. Mam;* 

( 'cirhit iial**. 

I larlfuril. 

ill^, N \ 
Dami. N V 
l*«if 1 J^r s i«. N ^ . 

1 f alii «<ll , S' J 
^nrkh. P;i 
I f i •• k Vh 
r<*i hi I M(*u^4ht . I*a 

H ur ri^i MhH I’ll, 

P.^inr .if H>n\^ M.l 
in* I -V j!h*. Vn 
R h. Ii;ih.4ii V u 
|{ MiirM.ki*. V.t 
MiIImII** Vi 

VS vs 


ORAlN/tt PERIOD AVERA6t AVERAGE 
AREA OF ANNUAL ARNUAL 
SOUARE OBSERVA PRECIPIT RUNOEf 
MILES ETON Cinches) (inoies) 


I 4 iltf IX^ii |<Mi 

^lll IK'II PMI 


\irj 
i 41*1 
\H •J 

27 

S2 

ir» 

\ 

\7:t 
i (170 
(. HIMI 
I r# 

MU 
m dill 
h (aAll 

J (MrfI 

.T»» 
( (MRI 
J I 8211 


IH7% IVI 
IW»7 10 
I H>lll M.IJ4 
MMMI 
IH7H "I 'l 
M»OH i2 
MU"* .r» 
Mill Ml 
IHKK 

IW«M Mi.iJ 
PMU IMWI 


***» 

(HKM 1*111 
IM*i1 l*Mk<k 


(4 

IHh% (•HlS 



HMt *NK 


H 

14 7 
47 i. 
4K Ift 

in •* 

rl I 
.0| M 
Ml H 
4 I J 
1.^ 7 
U4 1 
41 7 


J i 7 
17 I 
.M 2 
: 

211 I 

20 t 

20 II 
Jl I 
17 A 
10 :* 
2.i \ 
I i 4 
2% *1 

21 *1 
2:i I 
21 o 

2ti 1 

\ 

• I 2 
IS O 
M» *1 
17 7 
I i h 


ST R E AM 


M iH n ii M I \ I 
M 11^ k II «i iM M * I 

1 K I N » I 

(J I >At I n 0* ** ** 1 1' ** H I V »* f 

1 4iii«h|gl*»’r M I \ 4'l 
K < H k l(l V rr 

Wl-rcaliHlM Kiv*-r 
M H I ^ t’r 

l.inlr l-ork l{iv«'r 

i M Kiv i r 

Pi ( roll 
Hf<l Hi V 

M |>|>i Rivf-r 
t< tti.Ht Mil I *r*H*k 

Drainac* Maam V 
I >raiiinff** H 

C'liMiraiiii Ki\ *'r 

Volk • *f f inpiin*' 

His 

H Hi ' t-r 

(Mafciloa >nh S 

t ' f**Mk*» 

^•Mth V^fk *‘f \ ul>a flWtr 


LOCALITY 


:i \ I ' .ri ( Mio • 

I M »*«< |a*i« ( )h I. « 

( l*4l I a ii* M »ga I * II n 

W I h »4ii t i 9 II 

( .*liiiiil*ua 
Hiaktofi, 111 

}(hiii*'laiMli*r VS 1' 

\1 ini»ra)H>liM Mini. 
l.»M le V or k M Hilt 

H <i«toi M Hi |r 

I* HrgijH h alN .M HI h 
M ( riii]4 VaiU Miiiii 
rir.iioi V<»fk<«, N Dak 

K • • .k Ii k 1 a 

|.Ai»rt l^ma 

VV .ig. *ii a lir^l ( i u|». 1 I »l< 
Do 

A 1 J ^ I u» T ^ i 


I *> •w*‘r** I Mrg 
ita>golii < >r«*g 
San AnOfKa^ v *«** 

('alif 

Uk f S|>H <1 Ul 1 1 iK t al)f 


ORfltHAGE 

AREA 

square 

MILES 

I 


r * I 

'a hjk 
21 MM) 

.( \ 

t 4 MJ 
1 1 2**0 
1 1 M) 
1*1 .'MM) 

I 720 
1 M4i 

1 HO 
; TM4 

2%, .'MMJ 
1 1h IMH4 

U4 

<; iNM> 

M>8 

2 020 


PERIOD 4 V[RA 6 t AVERAGE 
OP AHWUAL ANWiJAL 
06 S£ 2 VAjPREClP!rRUN 0 Ff 
TION 0 MCH 16 ) (IKCHES) 


i • '1 

1 Hxn 
iKn i 
t n*M> 
\*Hi j 
l*H» 4 
\'Hfi 

IhmT 

1*4^* 

pHin 

1‘MJH 

1*8)2 

1H82 

I87H 

1*^ I I 

1MI t 
M *4M) 


I** U 
LMI 
*1 
K 
I 4 

I :H i 
I \ 

I ( 

I ( 

12 

10 U 
r*.4 4 
i/* 

2^ 

2<‘ 

h 


12 4 % 


!o|7 2t. 

)*8N> 2H 

M8>7 1*1 



ABLE B- COMPAR 150 N 0 F MEAN MINIMUM ANNUAL RUNOFFS/ 


R I VE P. 
LOCALITY 



Quinebaug ,Conn. 


.y. 


•V. 



Pofomac , Md. 



So n^ec , S C. 



Mod. Ohio. 


Cumberland, K 


fi ff/c sign) f/'c‘<:7r7C‘^ //-> ^£^3- 


Q 

V) oc 

CCO 
^ UJ 

^d: 

u. 

O 

O ED 

^ UJ ^ 

^ ^ -J 

^ - -5 
cC < ^ 

<ad 

Q if) 

37 

1.5 0 7 

24 

7 1 I 

30 

49 1 

lEI 

I.O 1 7 

1 22 

Q>b 

ma 

24./ OO 

AC 

9.G50 

42 

<2,2 4 2 

34 

t 4,800 

44 

3.S30 


4,4 90 

26 

4SS 

28 

48 9 0 


^ vn 




UJ liJ 

n DC 


< • 

UJ £ 



P IV ER 


O 
aO cC 
O 

< VJ 

UJ lu 

V ^ 

Li_ 

o 


Q ^^) 

^ ^ 

< -7 -J 

liJ £ ^ 

a: < ^ 

< cc cy 

D ^ 


“J I 
<IuJ ^ 

2 0 0, 

UJOg 


^ O 

rt -J 

< 

u ^ 


Ten ne ssee, Tenn. 


Rock, W i s . 


Mississippi at 5t Pou). 


Minnesota, Minn. 


Grand , ylo 


NCOi»ho > Kan 


T r i n i t u , Tex. 
Ve rde , Ar i -z. . 


Humboldt, N>ev. 


Socramenfo.ColY 


Kings , Cal i f. 


Spokone. vVosh- 


Salmon, IdoHo 



78 


39 


2 I 


a^3_o 

3,30 0 


zI'lu 

2 Si 

^ o u 

z -• z 

± U- — 


;o o 


uJ 

ED ^ 
< C 

H < 

Z CC 

UJ UJ 

O > 

cx < 



I 2,840 


<3.230 


34 5,0 10 


9.300 


7 1,094 


_A] 4t3 5 0 

30 I 3.400 







r? a 


<:7/7 cp' 


tf) 

lU 

ID 

z « 

UJ /O 

DC 

lU 

a 

^Zo 

h 

Z /a 

1 ’ 



i ^ 

O^Ci 


ni II nni ni n ii iinni i 

III III II INI II II II II II 



3^1 





I M M 


3o^for> 




riiS^nwni li 

I IV I II II II 


Ph//<7 c/s 


C3 or /eS fort 



■IMIlllimillllllllllllllllIRHIIII 


II 

1 


ni innai 

11 

1 


1 II II II II II 


I linn 

nil 


VfcM^burg 


)l li II 

II II II 


II II nni 

II i: II >1 II 


iRnnni i 

II II II II II I 


I II 

III 


nn 

II n t 


Piff^bor^h 


I 


Defrotf 


&n<y/r)^ 30. Ai&o 

rr-r?/ - eo/~/c/ ^ / a> s . 

'// S /c7 / / c:> . 


i!) 

UJ _ 
CD ^o 

X ^ 
UJ 5 
u 

a 

UJ 

a ^5 

I ^ 

1" /o 

§5 

5 


1930 

193 1 


/ tA/ yr70^' 3ov <s 



II » III 

■■■nmi i inni 

ni II II II imii iiiyH 


'Sa/ita Pe 


in«nn 

HIM N nny iiaii 


3poManc 


3cxr rrar>ci3CO 


FIG. C- MONTHLY VARIATIONS IN RAINFALL.** 


^ Adap^GC^ fror-n /^hys/c3 aP - tX. MydralG^y PabJ/'^hGc/ bt/ Me OroiA/- HHl. 
^^Adap/ec/ from Woier-Sappiy paperr pabJ/'shec/ 6 ^ bhe Gea/agleaJ furuey^ U.S. Dex:> b a f //-^ !■ g r /r> 
Xdoyo/ced X^ro/Ti PaP//a JV^r/sr Supp/Zes by /TP. Jl/r/r/ eaare M. L . P tyss e J/. 
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WATER SUPPLY 


RESERVOIR STORAGE 


PR OCEDURE JOJJND REQUI RED VOLUME OFS TORAflF FOR A GIVEN DEMANn 

/. i/se Fig. A and exomp/e balo ♦v /hr AAo/de. /VToss., A. /.,Conn. or^cd YorJh S/c/ej. 

2. Moss c//oprom rr7e/-h<Dc/, G OS / ^ rcasonod/u oc.curcf/^e rynar}/Af /a 
S/recyn^ A/a^ ax-e f„r c 20gcon or /ang^r p^r/od of firrye 

— myrpf^rfTfff^M^ i xar/o//on 'me^ odAyr^hor/record;7^6/e3C.O £>■ ex p/o ro A o r, be/o^. 

^ 1.0 Lt — ij ■j .i ■ i ^ 44^ £XAMPL Siven: Loc<jfrc>r> ,'n Con^tr /■ >/y«4 


cy 

1/1 


1.0 


f J f 


^ i M 
t ► I * 


m 

ivtr 

^ f f f 

* 1 1 

(V' 

¥ *4 

¥ i i 4 


.Z 


^ t I 
» * I « 

■ * * t I 

i ^ 1 • 

» k A « 

* 4 4 i 

* * 4 ^ 

* ‘ f ► 

I f » i 


^ 4 - ^ A 

• 4 i 4, 

4 i i 4 




f 4 • .4 




» 4 4 


« 4 4 


*44 
4 i (. 

I 

^1.. 

^ i ‘ 

-4 4 ^ 


\ ‘ r 

* f f 


50 


100 


150 200 250 iOO 550 400 


REQj^ED VOLUME OF STORAGE M.G. PER SQ.MI. 


fa ^ » Given y LOC'7f/Or> /n Cory ntfc/ 'C C/^ 

der>-,<yne/ yfS.OOO.OOO gafs.pi^rdoy, o dro.'nog^_ 
Oreo of to 5g. m 'r/es anc/Syo h,'otrr s,jrforr 
C % of ivof-er surfocr = oreo of otf wate^ Su'fjre' 
e^rhen rese “ R-o / /- /> /c' // /? , V s AO % area a < ar,de -■ 

drofryed plus 30% ofdrcaeo'jy^o-ryas 

d/v/oeo' foia! dro/oage. area ', . 

f^egc/ired; Ao/umc or j forage. 

■3^/ u Hon: _3.ooj:>. 

io S . r-n J , * 5 fyi ^ . 

En fer F ^ feff^ os /nc^too^eo ono 
requ/rcc/ - ^0 m.g. d. p*>r s>q. rry 't ^n, 

70X10 Sgrryi. = 700,000, OOO ga >s , VC ' U y r 

Or r~cqc/ f T^erc/ 


d. 


F.G.A- YIELD CEIRYFAVo^;,../.. ALTrT.T 1 ^ 

METHOO. 

.^Fccrfrys Fosf of MfFsfsi^topi^Oregan and JoshLr,^r,r. Vorfa'iOn - C V' 


IVf ctr?} 
aica^ 
flow 
U5Pd 


Slortfe f€tio 


“ C. 4 . “ C.f. “ C.f. «» C-?. ■■ C.V. — C. 4 . — t.*. — C,». * 

0 20 0 22 0 24 0 M 0 21 0 JO 0 3S 0 40 0 4S 


\ 2\ I M I 46 I 60 

a 84 0 y 2 1 oc» I fw 

0 66 I 0, 71 077 0 8J 

0 44 0 ^7 0 61 0 66 

0 45 I 0 47 0 50 0 M 


I 74 
1 20 


0 19 0 40 

0 U 0 15 
0 !| 0 11 
0 27 0 27 

0 21 021 


041 U 44 

0 IS 0 17 


0 83 0 91 

0 66 0 71 

0 M 0 57 

U 44 0 47 


I 90 
I II 
1 00 


2 10 
I 60 
1 21 


I 


0 7« n 97 
0 62 0 77 

0 50 0 62 


2 70 
I 8H 
I 47 
» 19 
0 95 
0 76 


0 19 O 41 
0 11 0 12 0 11 0 14 

O 27 0 27 0 28 0 ?« 

0 21 0 21 0 21 on 


0 50 0 61 

0 40 0 49 

0 11 0 19 

0 26 0 12 


table C - STOP AG 


c, 

». « 

0 

4S 

1 

in 

2 

20 

1 

70 

1 

19 

1 

1 1 

0 

9? 

0 

74 

n 

60 

0 

40 

0 

39 


ATIOS 


f)educ- 
I’on for 
lO <1ay« 
Cf'XJijd 
^loraif 

0 071 
0 074 
0 070 
0 066 
0 062 
0 05* 

0 051 
0 049 
0 045 
0 041 
4^ 


C. V< = -^ X 
Q rn 


n - t 


fesc^oy-r „of f/tUng ey'rr^ year. Tab/e usaof/y „pp/fes 
p jfhoofTTS y^ffstof M/ssisj/pp/ excejpf Oreaor> 4 ^ 

Storage ratio 


O JfflQC 

Per cenf 
of mean 
f low 

us>ed 

90 
«5 
80 
75 
70 
65 
60 
5 5 

50 

45 

40 

u 

30 


« ?, »- 

0 50 

1 (»0 
2 10 
I 85 
I 55 
I 28 
1 05 
0 89 
0 74 
0 61 
0 51 
0 42 
0 14 
0 27 


c.». - 
0 60 
3 ao 

3 00 
2 40 
2 00 
1 70 
I 44 
I 21 
1 02 
0 86 
0 72 
0 61 
0 51 
0 42 


C-?. '• 

0 70 

4 70 
.1 TO 
.1 10 
2 60 
2 20 

1 H5 
1 60 
I 15 
115 
0 98 
0 84 
0 72 
0 M 


c.w. » 
0 80 

5 60 
4 50 
3 70 

1 15 

2 70 
2 10 
2 1»0 
I 75 
I 50 
1 10 
1 12 
0 96 
0 80 


0 90 

6 4(t 
5 30 
4 40 
3 70 
3 20 
2 85 
2 50 
2 20 

1 90 
1 70 
I 45 
1 22 
I 00 


c.a. - 

c.a, - 

c.». - 

1 00 

I 10 

1 20 

6 10 

7 00 


5 10 

5 90 

6 70 

4 40 

5 00 

5 70 

3 80 I 

4 40 

5 00 

1 40 

1 90 

4 50 

1 00 

1 50 

4 00 

2 65 

3 10 

3 60 

2 35 

2 80 

3 25 

7 10 

2 50 

2 9C- 

1 80 

2 15 

2 50 

1 .50 

1 80 

2 15 

1 25 

1 . 50 

1 80 


1 SO 


9 40 
8 10 
7.20 
6 80 
6 00 
' 50 
5 00 
4 40 
3 so 
3 30 
2,75 


^ABTLDzSTORA^AnOS'See Nofe iofnght. 


Storage ratio 


Par cant of 
mean flow 
uied 


Impereioua toils 
No ground 
iftTrage 

0 229 
0 192 
0 159 
0 128 
0 098 
0 072 
0 048 
0 029 
0 014 


Arerage tnili 
10 days’ ground 
storage 

0 188 
0 I 51 
0 126 
0 099 
0 OT.l 
0 05 2 
0 0 . 1 ’ 

0 017 

0 006 I 


Heep gravel 
end aand 
J days' ground 
storage 
0 I4T 

0 118 
0 091 
0 070 
0 049 
0 031 
0 015 
0 004 
0 


Ur^ateit nat- 
ural st.rrage 
0 Jays' ground 

storase 
0 106 

0 081 

0 (W> 

0 042 

0 024 

0 010 

0 

0 

0 


^Daio from^ America ry C/\/i/ £ryg/neerj\do 

r/,nr,. We^/cy, Bc,,ert tV^yy^ 


f yn eer^^ 


/n tvh/ch Qf, Qz -fo^of ranop .-n ucarj /. 2 ^ r*r. 

(Erc^rry /octr/ do/cj}. 

n - nu/nber of goor^ ; Q rn -= 

M/n/murr-r C-V, fo be US c c/ = . 20 . 

2 . Use TabJej d> and C as explained be 'okW 

• Locafion i.-t bh'-fh Ccroudo, 

•so m.g.d*, 4 o 3 p.^ff€S moan ^ a// 7 oc/s Coun ^ f * * 
ground Morogs ).mf on <xnnuo/ runoffs 25 '^r.,C fr? 0 . 

Ff_gtJ/rsd; Total VO, 'urine of S/O rage. 

tu ^'Or J Total mean on aua/ runofr . 2 ^ • I"y 9 

/a. per so rryy. h ay.g at.- uco--^ 

^’F-,y^<! 7 ol,te & and inferpo/ote tc 
ratio = 0 . BIB. Required storage = C> 3 M * ?a 86 ^ HH v , 
Add evoporof ion / o s 3 es ( Us e fig . A Pg. G ■ OQ- ) *0 f'd-, 
toto/vo/ume of s. ■‘ora a e required 
S Us erabie p P Cl) the % of mean f’o.,^ osed ■ r Csr 

than SOp/o, ( 2 ) C.l'frann .20 to . 25 , ( 5 ) .'nco.To.. 
IS Aiorfh of Pofomcc orr d das t af A .'.'eg e n i e; . 

GROUND storage . 

Table D shay^’s effeafr af ua de rjq -n g So . ■ , 

ground storage ! f aer cenf o f me a.n urea' 

vanes frarn SOVo fo tO% ; Tab/e S> s.-ym^^ ef.'ec.U 
from ^ /> To So Vo. These e ffec fs Credua.‘iy as '' Co -y br 
opp/ted to aa^sfonyge mt/o found /n Tabie 3 - - C. 

. G ivien : D'a/ry a ge o'ea of aeen 

grave/ and Jorrd; S/orape .roT/o - . &d . 

^gi/nrsdUCorrected s/orace -afio W qmu-yd y y^'rar 

^pUrtppn_b In Table D .of ieF. oopoF. ‘ e dS % 

.‘Subtract ./td from .192 = . 074 , .'^ubhoc t.OTd b-o -y 

- 34 ra get s.-'orage ratio correc.‘c d for q.mo-^d 
s/uroae . 

Ihs comrnan pr-^dice lo ahre^^trr^ fhe e f^c d c ^ g -i- 
waler tn aecrecsfng fhe i /a-.ry ar ; r -r/r 

ground thafer Ihen beco-nes o fee for of 

Hor 7 <d 6 ct^A= E- irV/pgtd, 

Va f^e r pyr o r - 4 s F^f^dboetA . Af*' . 4 ', ' 
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WATER SUPPLY 


MASS 


DIAGRAM 


zo 



r 

Moxlrn um rate of demand 
Wfytch can be suppif'ed'* 


O . 

|5 

^ ^ IZ 


problem: - III 

’7b find Capacii-y of reservo/n J 

Droiv o, C. 'fongenf fa Curve 1 af a ^ c 
paraf/el /o OP~ fJe/eef dip i^/hicA gives 
/argesf Va/ue for dh,) 
db^ reser voir capaciig «3.fi dillion GaJs, 

REMARKS ^ I I I 

Spin way dry-aioc^ 

Sp/Ht^ay over fIokv~c foe — 

Peservoir empfy at b* \ 



^ fVnere O'P para/ief io 

^ OP is /argent to Cjrve / 

'Curve / \ I j 

Accurvu/o/ed Nunoff corrected 
for evaporation from ^ P 
^surface of reservofn \ 


0\C>' 


^ a 

o t 

lU 0 

!i : c 

j J 

3 

u 

'i 2 






I 


Une 


Line 


Curve Z I I 

Pecumu toted demand 
(at // M. 0. a)\ 1 




I 

0 


JAN. MAR. MAY JULY SePT. 


NOY. JAK. MAR. MAY JULY 

19^0 


NOV. JAN. MAR. MAY JULY SEPT. NOV JAH. 

1931 19 


NOTES:- 

1. tmpoundfng reservoir ts reyu/red when the dernand for water is greater than the 
minimum rate of ffouj in the stream from which the water is taken. The capacity 
of the tmpouno'ing reservoir needed to supp/g the demand and other data 
can be determined by the study of mass diagrams of the demand and 
runoff for the years of minimum P/auj. 

?. Curve 1. ' The ordinates represent the total occumu fated runoff from the 
start of observations to the time of the corresponding abscissas., less the 
sum of the accumu fated evaporation from the reservo i r and other 
reservoir tosses such as feakage and percolation . 

3. Curve Z. * Demand is assumed to be at cons/anf rate . 

4-. The greafes t rate of demand which can be supp/ied bg the stream is represented 
by the s/ope of the fine^ above /he Curve /, which is tangent to it at two or 
more points but does not intersect Curve 1 at any point. This is shoujn as 
Line D an the figure and represents a rate of /S mifi/on gol/ons per day. 

S. if the demand is. so great that the reservoir wiff never /7//, a tine drawn 
tangent to and be/ouj the nunoff Curve and para if ei to the demand Curve 
wi/f not intersect the Cunoff Curve to the /eft of the point of tangency. 
Line E shotus that the reservoir wf// fi// for Curve Z. Line P shows that 
the reservoir wi// not fi/t for Curve 3. 


^Pdopted from Urqu hart^ Civit Engineering Hand book ^ H i H 
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WATER SUPPLY 


EVAPORATION 



FIG. A- ANNUAL EVAPORATION FROM WATER SURFACE.* 

TABLE B) -RECORDED EVAPORATION FRON^ RESERVOIR SURFAOFf^** 



Wind velocity 


Station 


EIcva- 

iHXl. 

fc^t 


Teni- Nearliy U.S. 
pcrMiure Weutjirr ni,rcaii 


ears 


I 'fwifii StaUt 
fiKaca. NT' 
^ anhineion 


« annineton I ) C 
Ohapfl Hi!). N C 
Nfa<Ji«ori. \\ !■ , 
Col.iiiibn«, Ohio 
C'>l'i IT. L'l*. Mu 

^rN•..^ Fi^Trlk-. N U 

Uui-iH Oii^. S'.D 
Liiirnlri Neh 
Mn.h.il, Neb 
Ln^rertc^ Kun 
Munhallan, Km. 

’ i ■ I ) 1 1 . T#i 
^ niari ||.> 1 cx 

Den V IT C*'!'- 
Salt I.ake Uuh 

^ uma. .A rii 

lnd»-|<^n.|enr». C ili 
S lit-. I, 5 «» 8 . Oalif 
Corv^llti Or« 


<*f utr. 
degrees 

Kuhren- 

heit 


sno 

284 ) 

.'>00 

84)0 

7.^0 
820 
3.240 
1 . 26 U 
4.080 
823 
1.010 
47 :> 
3 680 

'.,.340 

4 , 2'»0 

127 

3.800 

2.30 

23 .*) 


1018 to 
1015 to 
1921 to 

I'JOO to 
1918 to 
1910 to 

1 yn;. to 

1910 to 
1917 to 

1911 to 
1 9 Hi to 
1924 to 
1910 to 
1907 to 
1910 
1028 to 
1917 to 
1900 to 
1910 
1922 \n 


1930 ; 

1917 

1930 

191 ) 
1030 
1927 
1920 

192 ) 
1930 
1929 

1919 

1920 

1929 
1919 

1930 

1929 
1911 

1930 


47 

.54 

61 

46 

52 

54 
38 

46 

51 

47 

55 
54 
68 
5 fi 
49 

52 

69 

56 
73 


htution 

V.-loc- 

Hcight. ity. 

feel mil.** , 
per hoi»r| 


100 

85 

• 9 p 

78 

230 

84 

58 


148 

49 

203 

54 

28 


9 1 
6 . .*> 

1 0 (» 
10 7 
8 0 
0 8 

in 6 


7 5 
13 0 
7 8 
6 2 
3 2 
6 . 6 


At the 
pari, 
milee 
per 
hour 


1 8 
2 3 
I . I 

2 J) 

1.5 
* * ^ 

2 0 
4.1 
7.0 
4 4 

3 4 
2 0 
9 6 

4 .5 

3 6 
I .3 

* * 4 

4 I 

15 


Rela- 

tive 

hii- 

mi»i- 

>Lv. 

per 

Cent 


Reecrvoir aurfore 
evaporation, inehea 



April to 
Sen- 
leiijoer 


.^nnuul 


17.11 
23 . 52 
20 . 03 
12.91 
19.21 
20.28 

21.72 
2.».61 
32.06 
34 17 
3 1 . 25 
30 14 

28.72 
49.00 

38 . on 

40 . 67 
36 29 
38.64 
66.35 
21.88 


22 . 54 
34 , 53 
28 . 56 
19-82 
26.81 
28 . 13 
27.07 
36.43 
42.04 
41.78 
44 80 
42.65 
42.47 
66.00 
52 . 15 
50 , 94 
• 53.45 
55 2 fi 
97.10 


Maxi- 

iiinin 

per 

tuonth 


Per- 

centaxe 

raoRe of 
annual 
evapora- 
tion 


4,17 
4.87 
4 71 
3.04 
4.64 
5.31 
5.82 
7.02 
9.92 
0.28 

7.02 

8 , 0 tl 
8.49 
12.63 
8.20 
10. 10 
9 55 
8 00 
13. 10 

5.02 


90 tn !14 
07 to 103 
93 to 109 
97 to 102 
8 !) to 108 
88 to 1 14 
90 to 1 1 7 
'U 2 to 112 
87 to 1 18 
83 to ! 18 l 


% % 

91 

to 

112 

77 

to 

110 

84 

to 

109 

95 

to 

io 3 

91 

tu 

♦ 6a 

1 1(3 


Coeffi- 
cient 
for pan. 


91 tn 1 (N> 


0.69 

0.69 

0.69 

0.83 

0 09 

0 69 

0.83 

0.69 

O.tiO 

0.44 

0.69 

0.69 

0.83 

0.94 

0.99 

0.09 

0 . (»9 

0 8.3 

0 5 !) 

II (>9 








w I 

# 

> 't-. 


^ \ 


- :3 

' 5 


.S' annu<^/ evee^s <=>Fpr^- 

ovar/he c/^rmanc/s ^ f e ^op^^c/^/ary 

and fronspirofton, in /nc/,es. U^es/ of Me Zero 
/_ne ere/s gensro/Zy no or?nao/ excess exesgZ 
,n mounZa/n areaz on e/ in Me PorMc /ZonM tPesP, 

ZZoicr Supplies bu FE 7 Z/rneai, 
^^Oaio From R e par Z - her F Z^Z/onj bee- See 

Fro^ PEpr,cs of /he foMh - JX . H^dro/apy- 




% 


r - 


hA 


\ f 






’ ^..yi 


^ O •X 




•V s 
/ ^ 


I 


\ .J 





• j 


Mif i 






I \ . 




- -' ■> 


'• "v 


Cf 


-f’ 


• > 


5 'v 


4 4 ■ H * 

P~Fe^enfoye of years /ho/ onrjeof pree/pi/af/on 

cZe/noryds Sore i^oporo/rhn aryd/ron - 

^fi/roZ/on. JhroygZioa/ /he MZes/ excepf/n moon/o/r? 
ore os o/k/ /he Pac/S/c ZZorM WeslfoonuoZ de/rroods 
oFe Voporo/zory and /ransp/ro/Zop o/tvaps onrear/g 
J iZnnOoZ ore oZoMn/ide, 

re Sr H-L. Posse//. 

TZons- ^.S.C.d. do/. 33 Py, 70 ^. 

Pc/hf/shcej^ bu Me -////}, 
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WATER SUPPLY 


DEEP WELLS 


(jenero/ Notes: L Ne/J site stiould be 200 to 500 feef from possible source of 
po//ufion. Locate ot eievated po/nf if possible to prevent flood ing. fence in tuell site. 

Z Well buHdinq should be f/reproof ventilated and in cold climates 
Insulate thoroughly and provide neatf levote above grade to provide drainage away from building. 

3. Pumping level is determined by continuous flow test at required cuell 
capacity^ and the measurement of the resulting (drowdoujn belocu the static water table. 

4. The top of screen should be 50 feet min. below grade to avoid surface 
pollution un/ess unusually impervious earthdO feet of compact day) occurs cd the 
surface, ar well is far removed from possible sources of pollution. 


Removable hatch to permit 
u/ithdrawaf of pump shaft 
and discharge coiumn pipe. 


Pressure 


Pccess 

Door 

Concrete 

F/OOr 


Draufdoujn L*. 


ftOUf 

Meter 


Check 

Vaive^ 


xfHofty 


U Locate as dose 

,.f to ujoH as 
h: possible to 
permit ready 
t;' accessibiiity 
for ujeH repair. 


'Vi*-' 


Gate 

iah/e 


-Beicuj frost. 


Dri\^e shaft 

5 tafic water table. 


Discharge column pipe. — 

Pampjrg level (Max. dnoudpLur, 
ievei for given capacity 

pump) 1 

4 

Top of bowL -x 



Turoine pump. 


/mpcHers 


Casing. 


Bottom of suction 
pipe. 


c? ^ 


Bottom of casing and 
Top of water bearing ^ 
stratum. 


Seal 


II 

-C; CU 
^ C) 




Screen of non- corrosive 
metai (Ever dun) 


« I 


FIQ.A' SINGLE CASED WELL. 


For use in ordinary sandy and gravel ly soil- 


door of LueH house. 

DrUe sCaff discnorge - 
colurnr^^etc. SOme os for 

sirgie cased ujell. 

Or out 

Pipe to place additional gra¥el. 

Bcffom of g'-cut 

ins/oe casing. 

Ou'^S- 'ae casin g. — - 


^ c 
^ o 


I ^ 

O' 


;o 4 


/4 A 'elfrounaea On. 
duasnea gravel. ^ 


5 s ^ 


Screen. 






FIG.B-DOUBLE CASED GRAVEL WALL WELL 


use u/here u/oter oear/ng ■s p*ui''frr-'' 

fine sand u/hich s subjec'" ""f y at tie 

yeiocity the u/ater enters screen The gra^e! 
provides a much larger area tnan the screen 
and the velocity of u/oter at the outer :ine 
grave! may be reduced V such ve ochy 
me sand cuiH not houj. 


floor of u/et! house. 


QrOut. - - - 

Dr/ve Shaft 

Outs/ae casing. 

Rock fne and 

Bottom of ou-^sde cas/ng. 

inside casino. 

Dri/i line. ^ 

Bo^^c of in side coshg. 


'V tt 






Uniinedrccf won left by 


<L . 


C 

^ o 
C 

ft ^ 


/Veil house, Pumping ievci, screen and otner aerais 
Ore same OS for s/ngle cased cuell. 

FIG. C - WELL IN ROCK. 
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WATER SUPPLY- INTAKES. DOMESTIC WELL. WINDMILLS 


3 »/?;/?.• 


SLC^fOn P/pes-y 


f I 


^ ^ ^ • r 


c 


• ' ' 1 1 

1 ' 

1 1 ' ^ * t 

1 

^ 1 f ^ 1 , 

1 

• . 1 ' 1 1 

1 

' 1 1 1 1 1 

1 


^Sheefec/ and 
/ cohered French 




Screen 


Shee'f’t no 


mi I 1 n n n 


^/ouj 



3 “ P/ankr. 


PL/AN 

d-^e P-ench Cover ^ ,• 

^ ^ Sheerrm:^ 





P/onktnq-^ 


P/ankih 


PLAN 


Broken 5-^one 
L. ^ankt 'n^ 



/2k/? 

Pfankin 


f/n 


"ip oP rock f}'// 
under screens. 

SECTION A-A 


Jn/? , 

r/oor\ 

/?xtZ 



Brace 


nQ.A-CRl& INTAKE FOR LAKE OR DEEP RIvTr 


it 


£_Sucf^n P/pe /o 

~3 Pumping S^ak/on. 


d/g/} idofer PA <54? 


Sauce Par S/'/A 
TO deposf'i. 

transverse section 

FIQ. & - INTAKE AT SIDF OF RIVER 


Soou/ seT To dram 

4 

awau Pom v/e/f 

Dr a in age ou'og 
Pern vv^//. 


Pa/sed tvood 

t 

or jron caver 


iOpO 

Cernen^ Jo 'mis 



3 Sri'e k in 
moriar, 

3 C/oy Pbddfe or 
?*' Concre'Ae 

IdoTer Level, 


Cone re Te 

anchor pier 


So/ id concrete 
bfoch 

Pnehor bo//s 
/dedged in rock 

ouf Wafer Eh 



« ’ <* 

.m'R6ck ooTTorn 

Sfoiner Seefion 3^' 



3C" h'./.. _ 
P/anged pipe 


' ~ • r t 

PerPora/ed Pipe 


FIG. C- PERFORATED PIPE INTAKE AT KNOYVI Lli'^M N . 


OafvQn tT^ed 
Wtre Screed 


? 0 ' 


-s 


STone tvane Pipes 

PerPorafed 5fone~ 
r^ore fif 

Ha/f Seciion 
THe We//. 


‘4 Brick Lsid Org. 


Wolf Seef/'on 


Brick Pde//. 

FIG. E- DOMESTIC WFI I ' 


NOTE FOR ALL INTAKES 


P/I Screer>3 and 
racks to have sufficient /„ 
dear openmas to give crease, 
ve/oci ty through screen 

or rack of /ess than 
Bo* per minute. 





Plan 



Openings 


ELEVATION 

FIG. D- INTAKE OF 
UPTURNED TFFfS 


Diamefer Velocr + y 


or 

blades 
»n feef 


of Wind 
in miles 
per hour 

Tg 


10 


IG 


12 


/G 


/4 


/G 


/G 


/G 


IS 


/G 


?0 


Revofufi'ons 

of wheel 
per mi nuf e 

Vo to 75 


PER 


ELEVATION - FEET - RAISED 


GJB 


GO to 03 


13.7 


SS to GO 


33.5 


so fo 55 


45. 1 


45 to 50 


54. G 


40 To as 


57.7 


35 To do 
30 To 35 


125.0 


3.02 


3.5G 


/7.5 


Equ fva fen f 
acf ua I 
useful h.p 

developeo 
0.04 


0./7 


217.0 

Waterworks Handbook 

« ' t . 


{ 01.0 


l/.G 


45.7 
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WATER SUPPLY 


DISTRIBUTING RESERVOIRS -1 


Nofe /n/ef Ourlei arranged so iho-f- wa-f-^r ctrculofes fhru ihe 


Recfangufar 

Tank 

Orcuion 
Tan k ' ^ 


^Cuttle in^ 
Roof 


Ken/ 




In(ei ^ j I 

Loca’f'e so 
f/oLU /s no^ ll 
again sf cols. •] 

Sopporftnq 

roof framing}^ 




\ 

y 


h/a^cr hne 

Scre€ned openings 
a^ sides v^hen , 
no ear-fh f/'ff ' ^ 
on roofi J 

In/e'f 


reserve fr*. 

Henh labors /n 

'roof yi/hen eorih^ 
fill is used ^ 


•Scukle 

OyerfVouj 


See fig. A 

on poge tf-fo 
/ % Slope 


Iron Rongs-^ 

OvUd^ 




Sum, 


Venl- 


G " depression 
a-f" drain. 


■Oyerfie 64/ 

Oudef fo 
d/ s-irt buirng 


(Jnderdrorns 


See fig. 

on page G- lo . 


SECTION 
SHOWIMO PIPING 


^Ora/n 

See fig. C> 
on page C-IO 


pumping s 


m or 
'ha slafion. 


Open joinf under- J i 
drain /aid in / 
s/one or grave/. / 


~ji — ' 3/ouj off or drom - rnoy l>e 
-J Combined wi/h ou/ie/. 


PL/\N 


REQUIRED PIPING FOR RESERVOIRS 


fmbankmen/ and f8*‘eor/h j 
oi/er roof i^ desirable lo w 
keep wa/er coo/o \ 

See fig. D \ 
T ^ge G’lo 

?■/ S/opey - 


/Membrane Idaierpfg. if eor/h f/ll on roof 
S' F/g buiUup roormg if no fill is used, j 


fill 


IS u 


^ IS" for/b fill. 
J^/ope t'i-0" 


Ortginof ground surface 

Cijf- fo balance fill if — 7 

possible. 


5/ope 


See Fig. £ 

on page e \0- 
r Earfh fill 


i^^iifFres/ressed remf.^ 
expansion jU. 


£xp, Joinf ~V — ‘nrrr ^^TjmTTp r/'iSf'""', 

sreFi^.fl .....I / r>an^,on J^,nL 

.np^^ee.iC. W f F.^. ^ on 

Reinforced Cone, floor Slab on ') spacing 7S'ea.wag. ^Cbnc. Pedeslat for Wood noi more ihon 

*vff/y fanoped s/one or gravel resting^ £ Column anchor scraps. spacing. 

on soil capable of bearing /oad. J 

CIRCUL/VR TANK RECTA.NGU LAR TAKl K 

SECTION THRU TANK TYPE RESERVOIR - CIRCULAR OR RECTANGULAR 


Concre/e roof preferre' 
flo! stab generaUg 
mosf economical. — 


— £xp. joinis mau be 

needed in Roof? ll 


^Wo\ 

(Cb 


Roof^ Columns 
>er /hvm condnei'e 


Footings /o-^ 
undisturbed soi/. 


Exp. Jt . , see fig. H - 
On page 6 tO^lAox. 
spaa ng 75 ' ea. wag 


/ /^Expansion Jomt, see 

fig. G on page G-IO 

Cone. Pedestal for Wood 
Column anchor straps. 


r Cant I lever or gravity 
wo!/: Fiternote for 
circular tanks ,• 
required for rect^ 

I angular tan k s . 

Vertical expansion 
Joints at third points 

of ctnzu/ar tank or 
not more than l&'CT 
Spacing. 


RECTA.NGU LAiR TA.KI K 


See f/g’ L 
on page G-tO 


for Roof framinpy etc.^see applicable 
notes on above section . — 

diope ir^liO" \ 


Gutter all 
four sides 


'■Water line | _ 

'I . ~£Orig 

'Line of hf tch/he excat 


See Fig. M 

on page G'tO 

^ Ditch 


•*af~~ g^ 

tion-' 


~nd^ 


Cone. F^edestgl poured, 
monolithic with stab- 


M Overflow 
Pt'pe. 


Gutter drams 
to ditch at 
each corner. 


Exp. Joint f seed^ 

Fig. H on page G'iO 


£xp. Jt., 

max. sj 


't.fSee Fig, H on page 
Spacing IS'eo. way. 


M Pig. fc each corner. 

^ on page 0-10. 

'Reinf. Cone, floor Slab on well tarnped 
stone or grovel resting on soil capable 
of bearing toad. Recommended G"Sfab mm 


SECTIOM THRU PAVED CAVITY TYPE RESERVOIR 


f^ote:- Distributing Reservoirs are a/so constructed with earth and pock fit/ wa/fs; see pg. 4- lo fa 4^70^ 
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WATER SUPPLY 


DISTRISUTING RE 5 ERV 0 IR 5-2 









p/p^ 







'Pe 



SKISVISIliBSi 




Co a / wv/'/A ^sp^af-fum . 
Provide screened openings 
tvhen roof has no fir/ on //, 


C>/ouio/’/' 

drQ,\ 




^ l^oOu Oir^cr 

~ a 

4 ,‘' 95 ofis d'O 




Co ncre^e Re iai'nin 
h/of! Ond footing 

f'' Exp. Jf 

■'G o«. Copper 

Water r . 

sfop — 





7^0^ Mm. 


wafer STGp 








Over f fa UJ 
Ouffer 





noo(/ G/nde- 


nos^ 

i^ncfer Oird. 


fn offer, 
pone/s* 


tQl N 


/- Wafer L ,ne f 

r,le dram tod>tch^- c\ r-r-, \ 

- . ^ J f o Exp. Ja/nf. J '“p“ 

S~3ecr/r^a Wn/f^ Refnf. sfab 

^ T between - ■ 

3fab .n C,f! area,-- ’ 

^ , Cone. S/ob'\^^ 

'^y ^ • , , L^rep Support, nq waffs^ *7 

^^Or,q,nat ground /o bear/nn sof/. 

Sorfoce 


p Wafer line 

\ .C^* 3' or- Min. V 


c:' /-? 



r „ ^ 

rshea^hfn 

c ^ . 


•Tv • T/* 


^c./r u. y : — i 

r r m - '^° 

V ^ ^ ® C^*n. 

■X. OverrJeuj t*’ 

box f'n one corner 
xxt fh pipe to M.H. 

Exp, Jt at overffouj box. 


\f:z 


vf’ 




xi> 








F! G 


Note. For focafton of abov^ f/qurp^ -se*? PQ.G-Q^. 


FIG. M 













6-11 


WATER SUPPLY- ELEVATED STORAGE TANKS 


From ele\/afed fanK, 
reservoir or s to nd pipe. 


Check [ialve 


'(S'- 12 ^ Mm 
Cafe l/a/ve 



^Go/c Vo/v'es^ 

•'Reducer Reducer 

Oofe \h/ve 


► 

Single RcUng 
AHifude Faive. 


Gate Valve 


Gate Valve 



Roof iicich 


Stub •A 

Qverflouj * 

( J t erf/Oa^ jnou ‘C 

projec^ PCS'^ 
ecgc o^rai/'ng J 
inside and 
Ouiside- Tank 

L adders 

✓ 

^ surao/e jugier 
/e\/ei ind/coh'. 
should be 1 

Supplied m 



buj'^e. ■occfr 


5tee: Jmoi/ 


> oae or ^ooa.j 


^5 fee/ Saicong 
'end Hon pro/ h ng 
3e> ' uj! de- 


install strainer here 
if necessary. 

Provisions should be made for healing 
ir> ex tremely cold cu eat her if heater is 
not used, an additional inside manhole 
cover of 2 ’* plan K or its equivalent 
shaii be instoHed at ieasf 4" be/ ouj the 
outer cover. 


FIQ. A- 


TYPICAL VALVE PI 


DETAILS. 


standpipe may a/so 
be made of reinforced 

concrete. 


Overflow 



4 

1 

• 

4 

4 





9 

J 

4 

4 

# 

i 

» 

1 

9 

' 1 
1 
1 

1 


t 

» 



1 

• 

• 

• 

• 

• 

* 

1 





t 

i 

# 

# 

4 




t 

» 

> 

t 

1 

1 

• 

# 

A — -dl2i 

t — « 

( 1 

1 1 

1 • 

1 ; 

^ j- -. - - 

\Monho^ 

\ ■-< ^ 

1 

— ^ 


L adder. 




To valve 
pit-) 


k...u 


-r 




Drain. 


T I I -trif 

Drain.^ ^ C.L Influent Sc 

Eff/uent. 

Useful storage capacity is volume above 
e/evafion required to give necessary 
pressure, usually fop 25 feet 

FIG. D- TYPICAL STANDPIPE^ 


INSTALLATION 


*From Babbitt 4^Doli\nd, Walter Supply 
Enyin eerin^ , Af ? Gr^ ►v 'HiH, 


Tower _ 
Ladder 


Riser Pipe 

!f a sma/i 
^iser pipe \ 
s used if i 

must be I 
profeded^ 
by a ^ 
suitable 9 
^'‘osfeose^ 


4 r 



Hoohot 








L-^'-pe rise- 

D be may 
oe usec TO 
assis* 

fou er ^o 


ware-^ /oca 






From Pitisburgh’ DesMoines Steel Co Bulletin No /OL 
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WATER 


5UPPLY 


PUMPING 


R 



ON 



D 




- i -v 


E I'-'. 

^ ' z 



Oi 


Iwnaftiiisflisai 

imiSHliiMiffllM 



i;‘ " 'a ^ ^'^N 00 n‘^ ^ ^ pVT ^7 891ori2i3!4l5ltni8I920?l???3m?l? 

Day of Month 

nfi.B-DAILY IN A MAX.MONTH 

AT CLEVELAND, OHIO AT CLEVELAND, OHIO 


I 5y lOli 

PM. To 


iiiiiiiiiiiiiniiiiiiiiisiiiii 

i iiaaiiiffl MPjaism 

aiiiiiiiiiriiiiniilMiiiiiiiiiii i 

111 

aiBHHI! 

jaiMMimaiaai 




j—M—i 



■nm 



lconomical Pipe Sizes For 


Low Pressure C. I. Pipe Mains 


Formula: 


ere 


. J9IS^ 


ec'.anete-^ in inches. 


r/n cent^ 0^pumP’r)g ;rr,i/ion 
oc. c'‘s a Fe'a^'i cf iff’ 


^ * Ccj'^ofe/ecrric^ '/y 'n cents /H u^-Hk 

t “ 0*^rol/ efFciency 0 f pump end 


n OS o cec mo. 


a* Cost incenhper ihofpipe in pbee 


A mou^ erCO/CTion COST/ 


ff.^ea annuai charges 
'■n as a cecimai 


T » / coeCf/c/ent aepending on 'C'& 

•'5 ebss ofppe^SOO ihrbisc^ri 
C ' A./iiomsSr-'Tcze^s coefCicbni 


0 ^nis cna. 


3 ■ ^ in odrtne per mm. 



GO 


55 


50 


45 


40 


Vjfsm 



^t?^ExAMPL£. 

Bond Pefiremenf(s£n/r)--5Po' 
interest Si 5% 
Depreciafiorx odj* 

a 


fiq.d-chart for 

ECONQMICAI 


DETERMINING 

PIPE SIZES*** 


/</*— . ■ I I I I I [ I I I 

5 AX MONTH FI6.C- ANNUAL VARIATIOIvf 

OHIO |N WASSACMUseTTS CITIES. 

^5 5ENT1A.L5 for DESIGN OF 1 

PUMPIMG STATIONS. 

/. InvesTigafe use or consfruefion of 
storage tanks or resen^oirs to af/ouj 
uniform rates of pumping for long 
periods of the dag. 

Z Pro vide dif feren f capa city pumps 
to obtain maximum efficiencies for 
xariat/ons of demand. 

i- Provide in duplicate targesf pump I 
and rnotor unit. I 

4. Pro vide auxiiiarg power units (GeneraHu 
gasohne or Diesel) to meet maximum 
combined fire and dome.stic draff. 

5 Design for no sue fion lift if possible. 

6. Provide a separate suction intake for 
each pump if possibiejfnot, provide I 

dpering header with Y ‘branches. 

TProvide eccentric increasers on suction 
Tide of Dump, if increasers are necessary. 
Provide exact/y hori z onta ! suction pipe, or 
-<bpe down to intake. Avoid high spots in 

P^P^ to prevent air entrapment. I 

- flexible couplings to 

'acititate placing aned replacing I 

tonged pipe. 

9. Provide check valves on discharge sicM 

f eac h pump and gate valves on both 
ides of each pump. 

iO.fU/ eguipment accessible to an 
verhead crane or arranged so that I 
*' con be removed and replaced withoui 

.-.isfurbing other pieces of eguipment. 

H. Provide tie rods and thrust blocks 

for pipe. 

12. Provide a fireproof, cueH lighted and 
ventilated building. 

+ from JournAi of N.E.W.W.A. Voi Z7 I 
pAQe 65, 10/3 

*DAtA From f/ynn, Weston Soaert, 
WoterworAs PAne/book, Gro*v-P///. 

**Chartfrom Cameron Handbook of/tudrauHc Data, 

Courfesy of Geo. B GAsca/gne 


’0 

, A. 

5 e 


SQL' 
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WATER SUPPLY 


PUMPING STATIONS 


j^or DesJpry o/" Z^ury-tp/ryp S/c^Z / g r>^ - Jee Pg. G-/^ , 


^rom 

Scypp/y 


< 

c: 

<0 

in 


7/7 



^51 


OrcZ 


To Ta/?^ 

^ L f ZA/'/h- 
5 /s /^/70 . 


I 


r 


I 


Dro'/rr^ 


<j i? 

? t' 


P//<tZ f/oGr 
/o cZr^y/r?. 


D 

*> 


Su^p 



TYPICAL LAYOUT 

WATER PUMPING STATION. 



! C^C7SG//r>& Sry^yrj^ 


i ' 
/ 

/ 

/ 


I- 

I 

I 


A 


J ^cpzp-Ziji— 


I 


LEGE/yo 


^ GgZ^ \/q/\/'G. 
tH Ohech Vo/Vg 


Si/‘ 


P// . 


TYPICAL LAYOUT 

WATER BOOSTER PUMPING STATION . 
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WATER 5UPPLY 


PUMP HORSEPOWER 



\\ 






mnB^Sim! 

^KSS“ 






T(»l« 

!»!!!!■!!!! 

I Allf I U 1 1 H t ftHI M 


g^iSB BSg ; 58 !!i!i!!!B!.’a! 

^■hs SifeB 

ilss spig B 

4siss:s!SEiii 

isiinkiyiynytLi 


iki 




^ .\ . ^ . y . 

X \ V-'N- N ^, ^ ■ 

V .\ \. . - .y \ \ X 




gaggjanaigggBIBgKaSa 


l 8 iSSS 8 !Si^^ " 


niVMiKiNOMRfrg 
iSfMifiniRMCilti: 



^ , ^Ol M ^iSMTMIlSl 


m 










ilsiii&fWiili 





^ll,l ! 




ki 

$ 

? 




0 

1 


u 

c 

0) 
• • 

u 


£ 

v» 

c 

;s 

02 

<k 

A 

.2 


# ^ 

0 


:s 

CL 

n 

Q. 

c 

0 

Li» 

<0 

0 

w 

U 

0) 

o. 


0) 

k. 

"u" 

<0 

0 

f5 

E 

I 


C) 

k. 

O' < 



a> 

Q 


■t 

<0 


o 


i s J 2 i 


^ I 


- 

VO 




I ^ 

5 g £ 

^ Ok ^ 


" 5 ^ * 

p i 3 S 


5 S ^ 


V ^ i 

^ 5 ^ ^ 

^ 5 $ ^ 

ki T 2 > 

^ i 1 5 

^ ^ 


y ^ ? 
8 

I ' ^ 

■i ^ o 

p ^ ? 


< o ^ 

Uj o 

^ Ir' - ^ 

^ ^ J ^ 

5 ^ ^ 

Si 5 ^ ^ 


^ ^ " 

p - f k H i. 

g ^ ^ 

1 0 I b( ? 0 

':i ^ P i b{ k 

1 1 n ? ^ 

i § s ? j 


"•lev 


■k)' 


-.^lo' 

'"i§' 

•• 

■'i^oc' 

I k) 

Ro" 

<0^*' 

<b c\j 

N 

olO^ 

'K ^ 

^'•ICM 


■ ''Y 

^ T) r\, 

6 K 

W 

-^242 

C Q 

:3 

01 : 30 ^ 

n ^ 

^ O oj 11 


II 

ti 

Q> 

P 


:3 

dJ 

p 

0: 

Cs 

S 

qq 


R- 

'4- 


II 

'K 

•K 

I 

o 
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WATEIR SUPPLY- RECTANGULAR WEIR 


Va* Ve/ocfiy of approach 
In feef per sec. 


o\ 

t\ \ 


NOTE: h^eir -table 5 033 u me no 

vehcffy of approach. To correct to. 

vehcitij of approach add to 
head in feet ^9 > 


••r-v^X , vi 

; \K 

^ L \ I V 


u/here 32.11 


fi - Head in feet 


.c'- 

v'"\ \ ^ ^ ' V \ ^ 

\ ^ \ '' h/eir fobie3 can oe used oniL^ 

cohere doconetream ouafer 
3urface /3 bebcu crest of tueir 


Sasctns F^ormuia, 


Height of weir. 


bottom of channel. 


\ \ 


Pomi^herehead is measured - ' THis space be/oa. o.erfaiJ inappe, mus-i ba^e free adm,ss :on 

should be cT leasi 4xH. of a ir. /! pgri -Ial vgcuurr, cuou/d increase discharge 

DISCHARGE VALUES IN CUBIC F EET PER SEC. PER FOOT OF WIDTH 
OVER rectangular, SHARP CRE STED SUPPRESSED WEIRS. * 

P=2FT.!pi3FT.|p«4FT.|p«5FT. |pmOFT, |p--20 FT|f» 30fT [h iN FT P* 2 FT | P.-.S FT ] P: 4 FT. P:5 FT. |p>io FtT ' 

0 . 0 \ 


H IN FT. 

0.0 1 


O.OZ 


0.04 


O.OS 


0.08 


0.10 


O.IZ 


o.u 


0.16 


0.16 


0.20 


0.22 


0.24 


0.26 


0.28 


0.30 


0.02 


O.OS 


0.01 


O.fl 


0.13 



2 


O.OS 


0.01 


O.ll 


0.13 





O.OS 


0.01 


0.11 


0.13 


o.n 


O.OZ 


O.OS 


PMOFT. 

0.0 1 


0. 02 


P:20FT 

O.Oi 


O.OZ 



9* so fT. 

O.Of 


O.OZ 


s 






0.25 


O.n 


0. 13 


0.17 


0.21 


0.2S 




7. 


0.33 


0.43 


0.4 6 


0.38 


0.43 


3 





0.S8 I 0.56 



034 


0.36 


OJS 


0.40 


0.45 


0.50 


0.55 


0.60 


0.70 


0.80 


0.70 


0.16 


O.dZ 


a 


010 


0.29 0.29 


033 0.33 


0.33 


0.43 


0.46 


0.53 


0.56 


0.64 


0.10 


0.56 


0.64 


010 


0.07 


O.n 


0. 15 


on 


0.21 


0.25 


0.29 


0.33 


038 


0.01 




H IN FT. I P. 2 ft I p.-^ FT 
1.60 


.83 


.30 3.93 . 3.56 


9.75 9.32 




'S 



0.17 




0.25 


0.29 


0.33 


0.33 


0.45 


0.48 







.46 


0.53 


58 


0.64 


010 


0.16 



0.53 


O.n 


0.13 


o.n 


0.21 


0.25 


0.29 


0.33 


038 


0.43 


0.46 


0 53 




11.45 


Z20 IZ.34 


/3. 24 


10.93 


n.ii 


12 64 


13 53 


250 


2.60 


Z.70 


2 8 


16.16 


17.18 


13.23 


19.29 



0.64 






0.82 





1.23 


1.42 


I.6Z 


2.04 


2.50 


3.00 


0.88 


1.06 


1.22 


1.40 


1.59 





1.00 


I.IO 


1.20 


1.30 


1.40 


1.50 


* Data 



245 


2.93 


3.44 


1.0 5 


I.ZI 


1.39 


1.5$ 


.99 


2.43 


2.90 


0.82 


0.67 


1.03 


l.2t 




1.04 


1 . 2 / 




4.09 


4.68 




5.99 


6.68 


.55 


5./ 5 


5.18 


6,44 


3.92 


4.43 


5.07 


5.63 


6.30 


1.58 


1.96 


242 


2.86 


3.36 


3.91 


447 


5.05 


2 


iS7 


LSI 


2.40 


2 86 




1.04 


1.20 


1.39 


1.57 


1.91 


240 


2.65 


3.33 


364 


0.62 


68 


0.74 


0.60 


0.81 


1.03 


.2 


1.39 


1.57 


1.91 


2.40 


3.00 

20.39 

3.10 

2/. 50 

3.20 

22.64 

3.50 

238/ 

340 

BISII 

3.50 

26.20 


mm 


16.34 


I7.3Z 


9.36 





4.38 


494 


5.52 


6.13 



491 




<^.I0 


3.33 


3.84 


4.36 


4.9/ 


3.70 


3b0 


400 


4.20 


440 


480 


5.00 


5.20 


5.40 


5.60 


28.64 


29.94 


32.54 


35.22 


3199 


27.11 


2833 


30.34 


3339 


36.01 


P-.AfT 


6.91 


7 66 


8.37 


9. 


9.81 


10.65 


n.46 


12.29 


13.15 


1403 


14.92 


15.83 


16.79 


13.14 


19.74 


20.11 


21.80 


Z4.00 


25.09 


26.22 


21^8 


2 9.74 


32-/3 


PsSFT. |P»ioFT. iP>T20FT p-30FT 


6.89 


1.56 


3.25 


891 


9.12 



7.3 9 


8.05 



6.69 


733 


79<9 


8.65 



1.3 2 


7.96 


3.63 



n.27 


12.07 


12 91 


13.76 


14.63 


15.52 


16.44 


11.36 


19.31 


/O.n 


10.91 


11.66 





10.18 . 10.75 




23.43 


25.59 


26.10 


28.99 


3L35 






from Hi^drauHc Tabies bg Hazen and W/fHams, 


38.1/ ; 

31 29 

41.49 

39.96 

44.31 

42.67 

41.21 

45.50 

50.23 

43.38 

53.35 

5/. 34 

Egg 

5434 

1 _ 

59.65 

IgjSg 


36.29 




9 


44.23 


4102 


49,88 


52.19 


53.73 


21.24 


2Z2Z 


23.20 


24. ZO 


23.23 


27.32 


29.48 


31.70 


33.98 


3633 


38.70 


41.20 


1982 


20.16 



/S.33 


20 63 


21.60 


23.59 


24.56 


26. 5 S 


2359 


30.66 


32.84 


3505 



24.39 




463/ 


48.94 


31.64 


44.38 


46.83 


30.42 


32 53 


3688 


39.17 


4 1.41 


43.83 


46.12 
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WATER SUPPLY-ORIFICES & WEIRS 


DISCHARQE OVER 90 *TRIANQULARV 
NOTCH SHARP CRESTED WEIR* 

(Commonuv useo whkv^c rtows a>rc 

Thompson Formula 

a* 2.54 

[ ' V, For (genera! no-tes see 

drawing of rectangular 

^ ' //- ♦ weir. 




A 

i 


PLAN 


* Dio c harge in cu •fi. perjec. 
Hs Head in feef. 



4x Hi 


mm. 




SECTION X-A 


SECTION B-B 


0,05 

0,10 

0.15 

0.20 

0,30 

0,40 

0,50 

o.eo 

0,70 

0 .80 

0,90 

LOO 

fJO 

L20 

1,30 

L40 

1,50 


H IN INCHES 

7 ^* 

z^/$ 

3 ^ 

(c 

i^nr- 
~ 8 % 

10 % 
11 

/ 5 % 

l 4 % 

^ 



Id 


g INCU.FT^EaSBC 

0.00/s 

0.0085 

0.022 

0,473 
~ 0.129 

0. 262 1 

0.435 
~ 0,7/4 
LOU 
A 452 

A 343 I 

l520 I 

3.IS9 

3.954 

43^ I 

3L735 I 

1^60 


DISCHARGE PER FOOT OF WEIR WIDTH 
OVER CiPOLLETTI WEIR* 

(COMMOrtLY us» WHLU END CONTRACTION CONDITIONS EXIST) 

CipolleffI Formula 
ei= 3.367 LH^'^ 

lH'y'Tl i (jenera! no-fes see 

: 0 \\vi ^ drawjn(^ ofrecfanquiar 


C 

i 


\\V\ 


ujem 




PLA>N 

Slope f-Hor. to 4-^rf. 


Q/^ 0/3 charge In cv. ft per sec. 
t» Ittidfh of weir in feet. 

H • Head in feet. 


a 


4x H(tnin 


% 


SECTION C-C 


SECTION 0-D 


H IN FEET 

OJ 

0.2 

0.3 

0.4 

0.5 

~~ gg 
0.1 
0.8 
0.0 
J.O 

1.1 

1.2 
1.3 
L 4 
1-5 


QlNCU.FT/SfC 

^iRrr.oniiiR 

0,107 

0.301 

0.553 

0.852 

L I SO 

1.565 

A 972 

2.409 

2.875 

3.367 

5.834 

4.426 

4.990 

5.517 

6.185 


IN FEET 

1.6 

1.7 

1.3 

1.9 

2.0 

M 

2.2 

2 J 

2.4 

25 

Z.6 

2J7 

2.8 

2.9 

To 


OLiNcarr/sic. 

^tRFTOFWtm 

6.314 
1.462 
8./ 30 
8.811 
9.522 
10. 245 I 
10.986 

n. 143 

12.517 
13.30 8 
14.114 
14.936 
15 174 
16626 
17.494 


PISCHARQE through AN ORIFICE. OR. TUBE 


D]2iTirr\ 




Descnption 


I??.* 23 ORIFIC* w 
THICE WALL WITH SOdAU* 
IDOIDlHTRr 

W'hen th* •tfeam ipringi cltar ^^om 
the tube ti the upetream comef the 
Dow If the ume u for b iharp^ted 

on nee. 


Average 

discharge 

coefficient. 


Diagram 


Deacfiption 


At^rafa 
diacharie 
coefficient. C/ 


ttAl 






SHAftP-IDGBD OMFICK 

The atream it contracted to about 
o.t 2 of the area of the opening. 


0.61 


» * 


RB-BKTRAHT TdBl 

^gth about a4 diameun, Plowng 




, _ H.H,.din fte,cerrkr 

I Of orifice ' '!% thtttrMmi.aboul 

; <4'DlSchar},inoi.i^ I 

w-MTiAirriTTM Orifice Formula. .1 ~ sho«t tum 

W ft^-,pnnpcl«rof ihewa]l.oftb. h^JC fmffCe 7; When flowing ful 

■ C^SlSChan^arffcied. . hen the lentth 

^ 32 /T I *>Tteten It ti called 


ORinCB WITH wblusovkdbd 

entry 

There it little or no contfaction and 
tnet^cam it about the lametitcai the 

opening. 


0.N 


RR-INTRaNT TUB! 

>fc'hen the l^gth i< about one diam. 
e^t ucillrt -^da't Mouthpiece-. 

tu^ *^"** ^ **^ of the waJla of tbe 


0.52 


552SJ I??* O? ORIflCB IN 

THICK WALL WITH SOOARB> 
BDGBD BNTRY 

W^hen flowing full. 

M^ien the lentth of the tube it dU 

‘ '■•tandard short 


0J2 


WATER SUPPLY 


( 3-17 


PARStiALL FLUME 


Y 5 




PARSHALL FLUMF 

^Up^freom Pfezome^r 

Piezomei^r A 


45 ^Max. 


'^r 


I-?' 



Y 


NOTE: 


45* Max. 


B 


+ 4 rt 


^it!Lt4orf. 

’ 10.!$$ 




Throat Width 
in 

£•3’ for 

. >v» rto S' 


a: 4W 

H. 

should be /ess than 70% 




Upsfr^orr) Piezometer O 

Throat Piezometer 





Hu ft 


Discharge 0. 

in cubic feet c 


t per sec. 


I * T .T 

V#] 


T^ON Y- Y 


TApL£ a- discharge THROUQH PARSHALL flumes ,’■* 


UPPER 

HEAD 

O.tO 


DISCHARGE \li CUB\C FEET PER SECOND 
THROAT WIDTH W IN FEET 



0^5 0. 0.9l\ f.Z€ 


0.49 


0.30 


OJ5 


0,40 


0.45 


0.50 


0,55 


0.60 


O.M 


aso 


0.9$ 



z.zz 


Z,9^ 


3.73 


2.36 3.11 4.63 



discharge m curic feet per second 

HEAD THROAT WIDTH W IN FEET 

/ \ ! 1 1 ^ — -r“ 1 1 1 — 

Ha (ft) I Z 


5 6.32 IZ.1\I9.2 25.1 



4.08 4,62 


5.22 5.93 


6.46 




/J9\ Z.32\ J.44\ 4.54 5.63 


J.3$ 2.13 4.05 536 6.6d 7.94 9.23 /0,5 


1.62 3J7 4.7<n 6,23 7.74 9.25 /0.6 


1.40 


L45 


LSO 


J,55 


/.60 


1.65 





13.5 20.3 27.2 34./ 


14.2 Z 




1.4! /S.O 22.6 [30.3 158.1 


/5.8 23.8 32.0 


16.6 25.1 33.6 


8.57 11.4 2 


38.1 45.5 51.8 






458 53.6 


48.3 56.5 










Z.08\ 4.11 


7^ (5 


6.12 



I0.6\/Z,4 14.1 


10. i /2.1 14.1 



0,75 

2.53 

0.80 

8.63 

0.85 

3.iZ 


4 / 

0.95 

J.7D 

wmntMen 

/.to 

4.62 

wm 


IE2J 

5.26 

A25n 

562 















14.9 






/Z.O 





!BZi 

/i.4 

13,6 

15.8 

> /O.Z 

12.7 

15.2 

H.l 

: //.J 

14.0 

/6.S 

m\ 

12.4 

15.5 

16.5 

2i.6 

/3.6 


i 

1 

14.6 

16.4 

22,1 

25J 

16.00 

2 

552J 

24.00 

ESI 

>7.3 

Z/,6 

25.9 

303 

>5.6 

2 


27.9 

jm\ 


30,0 


2L3 

26.7 

3Z.t 

37.5 

22.6 

2. 

m 

34.3 

fsm 

24.2 

EM 

36.5 

EE9I 



/.75 


/,dO 


1.85 


A 90 /0. 6 



Z2.4 




32.0 


1.95 


2.00 


2,05 


2.10 


Z./5 



353 [44,3 


/A2 276 37.0 


9.38 19.0 238 36,7 


9,79 19.9 


20.8 


21.6 


22,5 




24.3 369 


IL$ 


12.4 


/Z.B 


/3.3 \27.2\4i.3 1555 


//./ 




354 \£l,6 


26.2 39.6 53.5 



37.3 


40./ 


2.25 /57 28./ 421 [57.5 


29.1 




2.30 14.2 


2,35 >4.7 30.1 457 


2,40 >52 3/,/ 473 


2.50 16/ 





441 


45.9 57 . 7 


Adapted from Schoder DA\^3ort, //ydrau/tcs, Cpe^w ->//// 

Tab/e from tiand booh of /Voter Control byThe Ca ! i for hIa Corru^^/eJ Cu//eri Co 
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WATER SUPPLY - DRINKING WATER REQUIREMENTS 


10 p.p.fli. max. 


I. T^rhidit* (SfItC* • . . 

Cc'lc'f (standard cotalt scale) * 20 

J. Taste or odor * 

* * I p.p.m, max, 

I^Q 

irsen IC * 

’’.Selfniyw" 


• a 


a a • 


a a • 


a a a 


•la'-i’-css 


0.05 p.p.m. max. 

0,05 p.p.m. max. 

5. Salts of tariu". f'eiavalcnt chromiua, heavy metal 9 {ucoaidet * None 

* 3.0 p.p.m. max, 

'0. iro- t "jn^arcsc (together) •• 0.3 p.p.m. max. 

M. •a^-cs.un ,25 p^p,„, 

• IS p.p.m. max, 

lo. CMor.de 250 p.p.m. max. 

n». S•l}c^ate . . . 250 p.p.m. max. 

I?. P*-erolio c^|»pounds (.0 terms of phenol)** . . 0.001 p.p.m. max. 

K. Total solids , . . ^ 500-1000 p.p.m. max. 

• **. ilkallmt* (calculated as CaCO^) ** 

1 . haters softened tv n^e-sodi process a. Total alkalinity produced by the proceaa 

should not exceed the original hardness by 

. ^ more than 35 p.p.m. 

aters treated chemcally b,. The. phenolphtbalein alkal inity should not 

be greater than 15 p.p.m. plus O.d times total 
alkal inity.t 

b 2 . Normal carbonate alkalinity should not ex- 
ceed 120 p.p.m. Tt 

No limit on drinking water. Haters with hard- 
ness of over 100 to 150 p.p.m. when used for 
laundries end boilers usually require softening. 

Degree of Hardness 
Hard 

Very hard 
Excessively hard 
Too hard for use 

I lU KftPH 

.... a. Normally all points In diatrlbutton system 

at least 0.05 to 0. 10 p.p.m. 
b. During water-borne disease outbreaks, mini- 
mum of 0.2 to 0.3 p.p.m. in all points of dls- 
tributfon system. 

..... Should be as close to 7,0 as economically 

feasible. Haters below 7.0 (acid watera) 
cause tuberculation. Haters above 7.0 cause 

incrustation of pipes, 

Eiceit of rpicatpd i^sM te srounds tor rejection of water. 


Hardness Table 


P. P.H. 

Degree of Hardness 

P. P. M. 


ritrcmcly soft 

Ho" 

30 

Very soft 

170 

• 5 

Soft 

230 

90 

Moderately soft 

250 

no 

Moderately hard 


• t 


concentration, given where in the judgment of 

•ea*'rei»ert ^nctr fe, iiaits the peraissibte pH to about 10,6 at 25®C. 

S.-« t-e ner,.| i. . tvnetien of hjdregen ion eencentr.t ion end the tot.l .Ih.linity, thi. reoeirceht 

r -.th.n the l,..tr .ugge.ted When the pH of the w,ter i. within ttl; renge give^ 


Mf 6« aet tf keeping t^e total aUslinit 
These vsiwei appi^ to water at 25®C. 


pti flange 


li«»it for Total Alkal inity 
(p.p.m. at CaCOg) 

•00 


pH Range 

10, r 
10.2 

10.3 

10.4 

10. S to 10. 6 


Limit for Total Alkalinity 
(p.p.m. as CaC 03 ) 


» AcUpUJ fnem St..ndarJ5 of th. U S. Public S«rvic«, !94?. 
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WATER SUPPLY - DRINKING WATER REQUIREMENTS*-? 


10 Mi 1 1 f I iter Portion 


1. Of all portions tested in one month maximum allowable 
number of portions showing b, coh (f) js I0J5 

2. Occasionally 3 or more of the 5 portions of a sample 

may showfl.coii (f). This is acceptable except if it 
occurs in; 

a) Consecutive samples. 

b) More than 5^ of the standard samples when 20 or 
more samples have been examined per month. 

(c) More than I standard sample when (ess than 20 
samples have been examined per month. 

hhen condition 2 exists, daily samples shall be taken 
and examined until the results from 2 consecutive 
samples show the water to be satisfactory. With water 
of unknown quality under condition 2. simultaneous 

tests should be made on portions of 10 milliliters 
I rfillliliter. and 0. I milliliter. 'M.iers, 


3. 


100 Mi I I i I iter Port ion 


Of all portions tested in one month maximum allowable 
number of portions showing a. coh f-f) is 60^=. 

Occasionally all S portions of a sample may show 

B. col, (t). This is acceptable except if it occurs 
in; 

(a) Consecutive samples, 

(b) More than 207 of the standard samples when S or 
more samples have been examined per month. 

(c) More than I standard sample when less than 5 
samples have been examined per month. 

When condition 2 exists, daily samples shall be taken 
and examined until the results from 2 consecutive sam- 
pies show the water to be satisfactory. With water of 
unknown quality under condition 2, simultaneous tests 
should be made on portions of 100 milliliters, 10 
ffii 1 1 i I iters, and I mil I i i Iter, 


In accordance with the first requirement stated above, namely, that 
portions examined per month in accordance with the specified proceLre 
presence of organisms of col ifdrm group, tnis may be interpreted as imp 
M.P.N.) of organisms of the col iform group shall not exceed about I pe? 

By general convention (f) indicates presence of b.co/, and (-) indie 


of all the standard 100 milliliter or 10 milliliter 
not more than $07 or 107. respectively shall show the 
lying that the mean density (most probable number - 
loo milliliters. 

ates absence of b,coi,. 


_Standard Portion: lo milliliters or 100 milliliters 

I Standard Sample = S standard portions. 


Popu I at i on Served 

2, 500 and under 
10,000 
25,000 
100,000 
1 . 000,000 
2 . 000,000 
5.000.000 


Samples Per Month. Min 


Standard Tests f or Co i , a e r oge ne s ( 6 . c o i , ) 


1. Presumptive 

2. Confirmed 

3. Completed 


For outline procedure of tests, see Standard 
Method for the Examination of Water and Sewage, 
8th ed. , 1936, published by Am, Pub. Health Assoc 


Note; Either confirmed or completed tests are recommended by the Public 
Health Service for standard methods of testing. 


Adapted from Standards of the U. 5. Public HeaHh Service, 1942. 
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WATER PURIFICATION-EXTENT OFTREATMENT REQUIRED 

Group 

:> , 

Description 

Treatment 

Required I 

1 

1 

This group limited to underground waters 
subject to no possibility of contamina- 
tion, meeting all the requirements of 
the standards and having a maximum B. 

coli index of 1.0 per 100 ml. (milliliters) 
at all times. 

Waters requiring I 

no treatment. I 

r> 

4 ^ 

This group includes underground and sur- 
face waters, subject to a low degree of 
contamination and meeting all the require- 
ments of the standards, except as to coli- 
form bacterial content which should average 
not more than 50 per 100 ml. in any month. 

Waters requiring 1 
simple chlorin- I 
ation or its . I 
equivalent. I 


This group includes waters requiring fil- 
tration treatment for turbidity and color 
removal, waters of high or variable chlor 
ine demand* and waters polluted by sewage 
to an extent such as to be inadmissible 
to Groups 1 and 2, but containing numbers 
of conform bacteria averaging not more 
than 5,000 per 100 ml, in any month and 
exceeding this number in not more than 
20-/0 of the samples examined in any month. 


Waters requiring 
complete rapid 
sand filtration 
treatment or 
its equivalent, 
together with 
continuous post- 
chlorination. 


This group includes waters meeting the 
requirements of Group 3 limiting monthly 
average coliform numbers, but showing 
numbers exceeding 5,000 per 100 ml. in 
more than 20% of the samples examined 
during any month and not exceeding 
20,000 per 100 ml, in more than b% of 
the samples examined during any month. 


Waters requiring 
auxiliary treat- 
ment in addition 
to complete fil- 
tration treat- 
ment and post- 
chlorination. 


♦normal demand is usually 0.1 to 1.0 part per million. 
orechloriiltiS treatment" is meant presedimentation or 

manent and reliable ^ f P'-o^ides a per- 

(2) Waters and prechlorination, 

3 or 4 are cons idered'L 'uLuUaMe ^^r 2, 

ply, unless they are brcuD-hf • +- se as a source of water sup- 

by means of prolonged preliminary stora^''^ requirements 


^c/optQ.cf fro 


m 


S^anc/<^rc/^ of- /Ae O.S. Pob//c Heo/^h SeryJc^ , /9^2. 
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WATER purification -STORAGE RESERVOIR TREATMENT 


TABLE A - CONCEN ikauuN5 OF COPPER SULPHATE 


Ornnum 

Difttonu 

AtfU-Tionella 

Cyclutclla 

Frafttlaria 

Meloniru 

Navicula 

NiUcliiu 

Synedra 

StepliaiKMliBcuH 

Taliellaria 

Chlorophyccae 

Ciadophura 

Cloetcrium 

Coelaatrum 

Conferva 

Desmidium 

DrapamalUia 

Kudorina 

Kntomophora 

Hydrodirtyon 

Miaernttpora 

Palmclla 

Pandorina 

Raphidium 

SceniHleamua 

Spiroicyra 

Stauraatnim 

Ulothrix 

Volvox 

Zy^ntma 

Cyanophyceae 

Aoahaena 

Apbanisomenon 

ciathroeyatia 

Coeloaphaerium 

Cjliiidrotphennum 


TO KILL VARIOUS MICRO O RGANISM 

m ■ ^ 


Twte «nd Odor 


P»ru per Million 
Copper Sulpheu 


Aromatic, geranium, Bshy 
Faintly aromatic 


Karthy 

Aromatic, geranium, fiahy 


0 . 12 - 0.20 

0 25 
0.20 
0.07 
0.50 

0.3&-0.50 

0.33 

0.12-0.50 


Faintly fiahy 
Very offenaive 


Faintly fiahy 


Fiahy 


0.50 

0.17 

0 0^0.33 
0.25 
2. 00 
0.33 
10.00 
0 50 
0 10 
0.40 
2.00 
10.00 
1.00 
l.OO 
0.12 
1.50 
0.20 
0.25 
0.50 


Moldy, grmMy, vile 
Moldy, sraaay, vile 
Sweet, graaey, vile 
Sweet, CTiMy 
Gnmf 


0.12 

0.12-0.60 

0.12-0.25 

0.20-0.33 

0.12 


TABLE 5 - CONCENTRATION OF 


COPPER SULPHATE 

FISH'. 


FATAL TO 



Parts per Millii>ii 


Trout 

(’arp 

SucktTB 

(■atfwli 

Pickerel.. . 
(lOldfUdi . . . 

Perch 

Sunfudi 

Hlack JtuHa 



2.1(1 



Cyanophyceae 

Mierocyatia 

Oacillaria 

Rivularia 

riiirKari:i 

Ccrntiiim 

ClilaitiyiltMiioiiuH 

Cry|>t4MiMintu< 

Diiioliry<Mi 

Eu^h'iia 

0. 1 CIHMlitliuiM 

Malliiiiioii.’L^ 

P<TtiiiMiuni 

SvMiira 

a 

Urngli'iia 

CVu.sliicra 

Dapliiiin 

S4*liir.oii)yr(‘l<>s 
Bcggiatdu 
CliMlotlirix 
r rrnnllirix 
.^pli.icnitiliH nutans 

rnngiis 

1. (-p(i>niitMs 
Saprnirgnia 

Mis<'<'llan(‘oiis 

Cliara 

Niti'llu, nrxiii.s 

INitiiningi'lon 


1 wtr uriil O«lor 


X pfr Million 
CopKT SuljOialc 


Moldy, graaay 


Irish iiMAs, suit ntnrsh, fishy 
Fishy, vile 

Ctiiniicd vintcta 
Aroniutic. violeta, fishy 

Fishv 

a 

Aroinutir, violets, fiahy 
Fishy 

('tiruinhcr, niitskniclon, fishy, hitU'r 
Fishy, oily, Pixl-livcr 


0.20 

0.20-0.50 


50 

'll) 

IK 

rill 

rii) 

fii) 

fil) 2 (N) 
12 I) 2.'i 
115 I) 21) 


2.(10 


Wry ofTcnsivc dccaycil 

Very olTrnsivi' ih*ruy<'«l 
Very olTrnsivc deraved 


5 UU 
0.20 

0 0.50 

(I II) 


0 III 
0 IS 


Olijcclionahh' 


0 10 0 TiO 
0.10 O.IK 

o.:io II. go 


TABLE C- AMOUNTOF CHLORINE 
REQUIRED TO DESTROY MICROSCOPIC 

ORGANISMS. 



Aphanitontenon 
Cyclutclla . . 

Mclueira 

Crenothrix. 

Fungi 

Dinohryon 

Uruglcnupaia 


Synura 

Gnata or hlood worma 


CrHicentm* 
ol Orpiii* 

C'hLurine 

llad^ioii 
in Orcan- 

I>«(eni 

SCaiitUril 

UniU 


].bm. per 
Milliim 
( 

1500 

0(85 

7.1 

50 


1.0 

8.3 

lUO 

• 

2.0 

16.6 

100 


O.&l 

4.6 



0.33 

2.7 


500 

0.5 

4 2 

100 

2UUU 

0 5 

4 2 

lUO 


0.5 

4.2 

lU) 

so 

0.3 

2.5 

100 

lUU 

0 5 0 7 

4 2-5.8 

100 

200 

>0.7 

>5 8 

IIM) 


3 0 

24.0 

KM) 


Klimmitfvl 


V08 

Yes 

Not 

Yes 

Yes 

Yes 


t The amount of chlorine depends somewhat on the chlorine demand of the 
water. 

* Preaent in auffieient numlicni to clog filter, 
t Taste not notiecahlc after 10 to 15 miles flow in aqueduct. 


AdophJfrom Manual of Mffer QuaJiiy and Trea^nneni' btf AnTer/can Afrfer /fbrAs Assoc. /94/. 
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WATER PURIFICATION 


SLOW SAND FILTERS-! 


TABLE A 

-CHARACTERISTICS OF SLOW SAND FILTERS. 

jddop /ah/ //by 

' ■ ■ II 1 ■■ ■ ^ 

1. A/fay be ccanom/ca/ rf C'o-s/' af /ar?c/ /s /oi</^ /f ray/ y/o/cr Joad 
as regards cofor, bac/er/o , a/goG and /qrh/c///y /s /oy/ fsee be/ow) ortd 

opera/ /r/p cos /s are /m por /anp fac/ors (opera //ng cos/s of s/opv s ar?cd 

f//bers ye/?era//y ^ opero//r?g Cas/s of* roy/d po/ad f/V/erj' ), 

2. //fop be Vo/uob/e os /*/r7a/ process af/er pap/d sand f/f/ro/fon af very 
po/Iu/ed iPa/ers. 


Copaa.//y. 


£ ff/a/pncy 

(Socf'Gr/o rrfowa/ ^ 

/V g X ib }/ / J'y . 

T<jrh/c// /y 
/ / rr?// c? /■ /a , 

Co /or // Vn/ /to //or? S 
3gc/ /toyou/. 


/Tom/ ^Gycz/o/orj ^ 



2 r7i g.cf. per acre for h/gh/y po/fufed p/a/ers /o fOm.y.d- per acre for pvo/er' 
re/a/r^^is^ a/ear orpre- /reaped by coaga/c^ian c/nc/ sccf/men/a/Ior?. 


SB bo SS % /f r?o/ o'Ter/o c c/ec/» 

Roptc/ choages Jr? robe nob perm ijslb/c. 

Roin/ p/a/e/' over /OOp.pm. Cor? no/ t>e h o ncf/ec/ ; over dO p- p. rn. 
rr?oy proc/uca a r? ^ a/ /j f og/ pry eff/uenh 

Raw p/o/er over SOp.p.m. cc/n r?o/ be /rea/ec/ jsa//j fac/or-f/y. 

Sf'ze /4 fo f acre eoch^ dma/f bec/j /or srr?o// p/arr/s. /a/ye />cdr /or /(?.ye 3 / 0 . 7 / 

0 / ur?7fs Juff/c/er?/ /o a//ot^V f i/r?} / /n Sma// p/af?/s a/? c/ 2 /n /orge p/ar? / f 
/o 6e oa/ of orc/er or?e/ 3 //// /jtjve p/oa/ /77ee/ rr? ox/murr? c/er 77 oryc/ f /^s^ 
//jar? 4 ar-?//j- na/ recorr?rr7er?t^ec f), * 

Monuo//y opero/ed yo/es o/?c/ We/rS fro ot//ome//c ra/e of can/ra/r 

anrf meoxi/r/rjy c/ev/aes /‘eg/y/re-cd) . 

3 oa' n r-^ n 

!l 




'S;! 

-55 


Bec/*3 

OraZ/Jx Xarae as 
O/v/d/na IVo//'^ 


fi « fi irU ii irT~ir~^ « n n <1 n i n p n n 

^11 'i J' !i 1' -L'! !- :i (I ? i! 

1 ' 'i !' I; \\ x\ Bed »• ' •• •! • ■' 

1 ' I. I : : :: i ;: :i !■ ■: !: : : : : i i: 


^ 1 


|l I ■ I 1 ' I ,» !• II |l ' I M 

" I " I' ■' il I* 1 ' <1 II II II |l M •' ■' (■ I> |l II 

'|T iir^^ /g/ero/s^x\ J " '■ ij .! ■ ' 1 ' >' ». 

a ii ^ i i i i ^ u Ij' [j L' ^ a ;; c 


n 

*1 I, 
II I 
II '* 
IF II 


r-? 

I 0i 

% 

l^t 

1*5' I 

'S' 

1^1 

I f 

I I 
I I 


^ Bed ^4 

Oro//7S Some as 
3ed^ f. 




IF ,1 


Bee/ ^2 

^ 3ro//7s same 
Bee/ ^/. 


- , = 267- G ’ 

len^f/rofAio/n- J7'6^g5 ^ 5 -' 37 'g ^ 3 r/ so' so' 


6 3* 


P5' 


co/dc//^o/cs. plan 


‘Or/. lVa//y 

Grove/- 3o//om I'fFf.S^rc 
— Mid. J” • 

Top 2" - - 


= 20 m m. 

' 3 rn m 
- 2 fo 3 /77 FTi 


' ' ' ' r\' 9 

2 for// 


fbafS/ab Consbruebf, 


.:• a- .■■• • • r, 


Co/u. 


'rrtn 


3 bo S l^/ofer ^ 


3 jo 4 So/^d — ^ 4 
j o Orovel -N i 


Jond- £ ff j/ze -- . /o \ 35 

C/p/ /orm/'/y C?e /f/c/erf- /30 /o30 

Openjo/r / an porowj I 

/' C/n<f e r c/ra/ r?S . \ I 


/ 

f 


CM 




2 ' 







FIG 


section 1 - 1 cvj 

BjL^TAiLOF 5 L 0 W SAND FI LTE R 


• » 


-PIPING FOR I BED 


SECTION 2-7. 
AT MAIN DRAIN 


WATER PURIFICATION 
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SLOW 5ANDFILTER5-2 


TABLE A-L03S 
SAND DE 


OF HEAD IN CLEAN 
'-P -TEMP. 50* F. * 


rUt« of fi!tr«tiaQ 
million gnis per n* re 
<Uily 


12 

14 

Id 

18 

20 

100 

125 

150 

175 

200 


0 L'O 

0.10 

0.20 

o.;io 

0. 40 
0 50 

0 r.o 

0 70 

0 so 
0 00 
1.00 

1.20 

1.40 

1. GO 
1.80 
2 00 


(I . 

O.OG 

0 . 1:5 

0.10 

0.20 

0.32 

0.3S 

0.45 

0.51 

0.57 

0.04 

0.77 
0.90 
I 02 
1.15 
1.27 


i:<Tcrtivc siic Band— nallimeter* 
30 I 0 .T-, I 0.40 I 0,45 I O.i 


10 02 6 37 
12.52 7.00 
15.03 955 
17. .>4 ll 14 
20 05 12 74 


0.30 

0.01 

0.09 

0.13 

O.IS 

0.22 

0.27 
0 31 
0,30 
0.40 
0.45 

0.54 

o.ai 

0.72 
0 81 
0.80 

4.46 

5 57 

6 60 
7 SO 
8.92 


0.30 0.3o 


0 o;i 

0.07 

0.10 

0.13 

0.10 

0.20 

0.23 

0 . 2 a 

0.30 

0.33 

0.40 

0.4G 

0.53 

0.50 

0.G6 

3.28 

4.10 

4.92 

5.74 

G.55 


0.02 
0 05 
0 OS 
0.10 
0.12 

0.15 

O.IS 

0.20 

0.22 

0.25 

0.30 

0.35 

0.40 

0.45 

0.50 

2.51 

3.13 

3.76 

4.38 

5.01 


0 02 
0.04 
0.06 
O.OS 
0.10 

0.12 
Oil 
O.lG 
0 18 
0.20 

0.24 

0.28 

0.32 

0.36 

0.40 

1.98 
2.48 
2.97 
3.47 
3 96 


0.02 

0.03 

0.05 

0.06 

0.08 

0.10 

0.11 

0.13 

0.14 

O.lG 

0.19 
0.22 
0 2G 
0 29 
0.32 

1.61 
2 01 
2 41 
2.81 
3.21 


0 01 

0 0:1 

0.04 
0.0.5 
0 07 

0.08 

0.09 

0.11 

0.12 

0.13 

0.16 
0.18 
0 21 

0 24 
0.27 

1 33 
1.67 
1 99 
2.33 
2.66 


0.00 

0 01 
0 02 
0 03 
0 04 
0 06 

0.07 
0 08 
0 09 
0.10 
on 

0 13 

0 15 
0 18 
0 20 
0.22 

1 11 
I 39 
1 67 
1 95 
2. 23 


TABLE E> -UNDERDRAIN DATA,* 

1. Rate of filtration, million gallons per acre daily ... 6 ] 8 I 8 [ 10 I 16 

2, Average resistance of clean sand in feet 0. 160 0. 180 0.24u0. 300 0.460 

i. Total allowable friction and velocity head in UH' 

derdnunage system, feet 0.037 0.0460.0000.0760. 112 

4. Approximate ratio 01 filter area to area of main 

drain 6100 4700 4200 3800 3200 

5. Approximate maximum velocity in main drain 

(var^^g somewhat with size^, ft. per sec 0-90 1.00 1.18 1.34 1.68 

Approximate maximum velocity- in lateral! 

(varying somewhat with si^), ft. per sec. . .TT[0. 65 0.61 0.72 0.82 1.04 

A/o/e’ Values onJ/ne 3 are 25 % of Une 2 . 


TABLE C- MAXIMUM AREAS OF FILTER 

BEDS DRAINED, SQ.FT.* 


DUmetnr of 
drain, Inehna 




Rnt« of ffltration. million gnllo 


day 


10 

12 

16 

18 

21 

24 

36 


^ For loss of heodihrough 
sand afher /han the 3* depth 
5/iown Jn 73 b/e A ^ the /ass of bead 
Van/GS inversely m/b the deplh. 

jfxamp/e : 

G/ven: 3oncf dep/h 40^' 

Loss of fyoac/. 

So/ V / / on • /o5S of head = Vo/c/g 

In Toh/e A >' 


2 . For lemperalure other 
thanSO'L loss of head var/es as 
ro//o ^070- 



G/ven : Temp 



Sp/u/Zonj 
in Tab/e 


'•mp. = 

loss of head at TO°F, 
loss of heod== Value 

A ^ '^TTfo' 



6 

s 

8 

10 

18 

Round lateral 

2G4 

245 

218 

200 

168 

Round lateral 

420 

390 

345 

316 

266 

Round lateral 

610 

670 

600 

460 

800 

Split lateral 

520 

490 

430 

400 

320 

Split lateral 

830 

770 

680 

630 

630 

Split lateral 

1,200 

1,120 

1,000 

010 

770 

Round main 

2,700 

2,600 

2,200 

2,000 

1,700 

Round main 

3,900 

3,600 

3,200 

2,000 

2,400 

Round main 

0,200 

5,800 

6,100 

4,600 

3,000 1 

Round main 

9,000 

8,300 

7,400 

6,700 

6,600 

Round main 

12,300 

11,400 

10,000 

0,100 

7,600 

Round main 

16,100 

14,900 

13,200 

12,000 

10.000 

Round main 

37,000 

34,000 

30,000 

27.000 

22,000 


UNDERDRAINS 


L3/ze of under drains 
to be such that loss of head 
in unde rdra/ns equals 25 %> 

of lass of head thraag h sa/nd- 
iVeglec/ lass of head through gravel 

2,Unclerdra/ns con be la/d 
oul using Table C- Chechr 
Ve loc/l/es, us/ng ma y / m um 
Vefocft/es Indicated In Table B. 

doff • S/rycc /S2S, s j-e7r?c/ r/^erjr 

hove Se^n Conj/nyc/ed /h /he C/ 5 A . 
doi^'cver^ /h/s o f f//ter /'s odap/oh/e 

io h/arm c//rno?es , yvhtsrc covcrr ar-G 
/7ol regc/} red to pro/oct /h^m from 
fre^z/ny /n tv inter, and s/oav snrycd 
f/iiers a/so have the fo Uoirf/ng advan- 
tages aver rapid sand fi/fers : Less 

ioS3 r>f head f S/mpicr meahan/srm, 
reyu/r/np /ess ey per/ Sapervis/an^ond 
h/pher boc/er/of e fficianeg tvi/hoaf 
use of d/slr? /ee/anb // is Se/feved 
that with core tul study of /oca/ cond/t/'ev^s 
hy fny/neers, on/ncreos/ny no''-r?jher' of 
s/aW Sand fj//ers may he i>ui/l /n 

the future. 


fro m rUnn, Westo/? 4 ^ Bojert^ WAterworAii /lakudbooA^/Pj- Hr^w-iil//. 
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WATER PURIFICATION 


RAPID 5AND FILTER-l 


3ee Coogu/oo ^ 
fobfe 

coagulant 


P/Opor 

£A^a(//<:/ he o^<s^QCi^ 

/o proa^oce e/f/c/Gn/' 
Pro/T) co(7^c//<7^^on 

6 asin >v //4 a / 77 < 2 x. 
furhidjiy of S-fO 
p.p rr^. 


^a*v wAtfR 


P'JMPING station 

'«■ NCCtSSAOr 


DIAGRAM FOR MODERNRAPID SAND FILTER PLANT.* 


fbrremOk'ofofhsks Use<^ op an a/cf Cbpoafy of chhrlPa^jhff€^prrfe/jfan(/shn^ 6 ^(eac/j)} 50 % of 

£. o&e^s i/req<//red > ^ cAhr/nof/ory rhlpfepf OJ^pecfetf dboa^ farp/er///3af/o/7 ancf ^///nfnaf/ory 

actjvatco/ if rep£/frc<^. J (^sfos^oo^rj. lime OR 

CARBON/ AMMONIA X VcwlORINE soda asm 

00 x?= 25 vCAL<;OM 


/br prevenf/Spof Msies a/xf 
o<ft3fs &fin>i^ripi^shrff/iayfior7 
/< y//o o f f/p. ^ mo 7 on jg /<> 

3 /is of di/o^z/fe^ ^?dj/ Comnoff. 



For ^offe/J/ng or /<? /ncrerxss 
o/Ao/rnf/p for prnyoar 
Coogcf/of/an //* repiz/recf. 






^ ; 


CmEmi cal 

Mixing 

basin 


'^Neovy //hes show 

as Oaf po/n/s of 

appJtcaflon , 


COAGULATION 


BASINS 


t* 


F ILTERS 


r 

Dg/c/) f }or 20-^0 m/n, 

■ ^ox.Theor- vet.? sFf perm}/}. "LMax.rafe 23 gals. 

GO-rSO ff. per mm. ^ _ 

overage dai/y demand if filtered coaier sforaae is /aroe 
copoedy to be ISO TO 225 7 . of a.Pragp doHy demand ^ smo/J, p/anf 


.^efenfjon hfs- ^ 
Max. 77 ?eor Ve /.2 Sffper m}/>. 


FILTERED x 
WATER 

STORAGE ■'■0 SERVICE 

===3~ f^rcferai>/y 


TABLE B- COAGULANTS/ 


f 00 


COAG ULANT S 

( IN ORDE R OF MOST COMMON 

USAGE ) 

Aluminum Su/phof'e 

r^foers Sa/phoffe 
ferr/c 3 u/phafd 


C/f/op/c/e 


APPROX. 
pH RANGE 
FOR GOOD 
COAGULATION 

5.5 - 5.0 

a.5-ii.o 
5 . 0 - 11.0 
5.0 - 11,0 


A/am/num Su/pfyaAe ^ 

Sod/iy/n /4/t//7?/r7 ^.O- &, 5 


I.T5 


O 

o Kio 


Z 

o 

r 


O 

o coo 


D O.TS 


o.$o 


o.t% 


TPCASUftY OCPiRTyrNT STANOAfiO LIKIT > 


e 


* - CREAI V*«E^ PLANTS 

B - Ohio RivfA PLANTS 
C - MEAN CUBVE 


Sexf/uno X/om/herre 
Afogoes/um figdrox/de ~ 


Alum/num CA/or/de 


5 . 5 - 6.0 


” ' ‘ ‘ « .0 .2 „ rti „ „ 

«Aw wATfft-e co^ t /NOfi - THoi^siNOS pcft IOC c c 

RELATI0NSHIP3 BETWEEN COLIFORM 
DENSITIES IN RAW WATERS AND THE FINAL EFFLUENTS 
PRODUCED BY RAPID FILTRATION,* I 


' Achp/^y rj-^„ M,/er My^ /sAI. 
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^TER purification- RAPID SAND FlUER-Z 


DIAGRAMMATIC SKETCH SHOWING 

FILTER OPERATION 

Wash Walcr Took 


Wafer .Level, 

jiltcrioQ.'- 


25*K)3o* 


J 5] 1 Wafer Level 

'j wasb/og 

•I 

J A 

1 

I Con + ro 1 le r — » 
|RaVe ConfroUer.^ C 


I ^ 


• •• «. 


%5eujcr. 



0 • 
» 


* • « 






. . 0- 


- - 




I2'to?0 

CFToi Overf i aw. 


ZAT 






~^-5ond. 

T — Grovel, 
y '^to 24- 


Uoder Drain 
sfera 


Wosh Water 2. - S?6 of 
to to/ Flow. 

^Min. Veri-fca 1 WosH Wafer 
rise In Pilfer 12*15 p*r min. 


« > 


Tilfered Wofer 5lcraqe 


• I *• • • ***•'. 


How Filter Operates 

1. Open valve A. (This allows water from settling basin to flow to filter.) 

2. Open valve B. (This allows water to flow through filter to filtered water storage. 
During filter operation all other valves are closed.) 

I 

How Filter Is Washed 

1. Close valve A. 

2. Close valve B when water in filter filters down to top of overflow. 

3. Open valves C and D. (This allows water from wash water tank to flow up through 
the gravel and sand, loosening up the sand and washing the accumulated dirt from 
the surface of the sand, out of the filter, and into the sewer.) 

How to Filter to Waste 

1. Open valves A and E. All other valves closed. Water is sometimes filtered to 
waste for a few minutes after filter has been washed in order to condition the 
filter before it is put into service. 


^o^ap/ec/ from iVa/’cr 3upp/y <S^ Treoj 
A/a//or7€y/ L}m^ . £>.0. 


Treo//77en/* hy C.P. Pah/Jshec/ 6y 
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WATER PURIFICATION 


RAPID SAND FILTER'S 


Tank 


Ffo 7 




UsQc/ kVarsh 

l4^o/'er Traugh 


0\ 

\ ■ \ 


1 « 




* \ V« 






»• 4 * 


m • * 


Ft'If-e r 




>V '."T'-vC7 -Sand .•■'w,'’- 

• ‘ ••• . ’• • \ "'w. ti •■• 

i . * •' ‘ •-* I - -6 

'-A.':.'- - • '/.-V' • jA .:; • • • A 








I ♦ 




^ % * • 




^//ec fivs $/re 

0>^0 "fo 0-S5 no/Tj. 
Un /fh rrr? } ; 

Cbeff icienf-nof 

tnore fhon/^i.QB, 


m 


(dee- 7b6/e B) 


^ /^rforafed La/era/s 
C5ec 7d6/e C ) 


Cos/^ Iron Ma/7 /fo/d 
///fh s/ro/nens in -hop. 


F//Ber Floor 


FIG. A - 


TABLE B 


LAYER 

NO. 

f (Boffoni) 
2 


RAPID SAND FILTERS SHOWING SAND LAYEP„UNDERDRAINS, ETC* 
_ GRADED GRAVEL**I I TABLE C- UNDE R D R AIKIS*** 


5 

G {Top ) 


PASSJNCTHRU 

SCREEN 

OPENINGS 

IN INCHES 

retained on 

SCREEN 
OPENINGS 
IN INCHES 

DEPTH OF 
LAYEH 

IN INCHES 

2'/z 


2 to 4 

!/2 

■% 

3 io G 

V4 

[ //2 

2h 4 

/2 

>/4 

2 fo 4 

'/4 

'/a 

2 TO 4 

pedo) 5onc/ /2fo 0. 8 /77/77. 

2 


UNDERDRAINS' 


DJamefer oT p erforaf/oF} s . 
Spcc/i}^ cf perforoh'ons olortp hfero/s^ 

Max. raffo of fofol area of pcrfh/ofio/Js 
/o fa fa/ Crass-secfhna/area of /ofem/s. 

Af/r7/mt/f77 fofa/ area ofperforof/o/>s 
\per Sfc/trre fhof of ff/fer. 

Max/ma/n spcc/ap of /a f era/s. 
Max.raf/o of Mf>^f/f of /a/era/ fa //a 


•A" 


3" 

a" 

0.25 

0. 5 

O.hStfJn. 

0.3 fn- 

12" 

12" 

60 

60 

0.5-3- O 1 

0.5-iO 


or P.^rori:,/ed-P,/,e F,/ler £/„a'erdra/^s AyMMJoo/is./^o.//ct^(r£.ccLZ./. 




SECTION ’ 


MIXING CHAM&ER WITH 


MECHANICAL AGITATION.* 



PLANOFROU ND - THE - END 


BAFFLED MIXING BA5I 



SECT 10 N TH R 


3AFFLED MIXING 


HAMBEP. ** 





SCRAPER TYPE CONTINUOUS SLUDGE REMOVAL DEViCE* 

fanh (ayagu/oHon ionh). 
hfOTBi //'s/aa/g^ /s /lof rQ,moyed /r 7 BChaf 7 /coI]y use 
/a/ger /o g/byj<gs Suff/c/enf s/orage spac^^ 


wa^er i^//h 
'^c-het-njC‘X?Js uc/g^c/> 


Saspenc/ec/ s/ac/gc 
/eve/. 



pra/n C Oon///oaaUS 
S/c/c/gc remoya^J^ 


PRECl PITATOR 


AgtfqJ-a r 


* * « 


AQy/ y/o/er - 
Suspended studg e - 

levels 


r /L r ^ 


//hern/ca/s 

Co/?///?uous s/c/o^ 

re/rfa yu/. 


Dno/n 


ACCELATOR "^* 

//OTBt Prec/p/Zp/or or ^cce/aZor /s u^ecd tgs crry 

< 7 //er/ 7 ct/e /o /rj/x/ng se////ng Sa:s //7 (xroogu/g/yor 
Lever /ir/7? y/Qighf: ihc marg 

OufJe^ fbri- ~\ fTp-=0^ /eyer<J 3 cJh,:gr^Mrf/oj>^. 


Throat of Venf^cjf'i 7c/6e, 


S>g/a/7ced Vtpvc 

Control C/ 7 gfkhtr. 


Oo/lef 

^cxible Disc 


P/oc 


RATE OF FLOW CONTROL LERT* ' 


May be operaZed l^y fydroo/icCy/mdor SP/hZ Ih/ve jhj/eod o//cvey Xrm. 


7 
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WATER PURIFICATION-PRESSURE FILTERS 


NOTE' Models ar^ also made wjfh one valve 
subsfifufing for all valves shaven, Somefimes 
roY^ water /nJef is used also as wash 
water inlet. Then rote offJow 
controller is placed in f/ifered ^ 
water out let fine. I 

Location for rote of flow 
controller when used See fig. D. — ^ 

/?(7vv water inlet 

Loss of head (pressure) gauge 

F'Jtered water outlet ► 

and wash water inlet 


Wem — 
Dram ^ 

Filter drain and filter to 
waste Outlet Sump - 


FIG. A 


Eocation for rate of flow indicator when used. 

See Fig. E “ below. 

NOTE: Pressure fitters 
ore generally used 
when raw water is 
supplied under 
pressure thus removing 
the necessity of repump- 
mg the effluent to the 

of service. 

^ 'fine sand 
^ Coarse sand 

^ Graded grove! 

Concrete subfill ] Models are also 
^ / / rnade with a 


— Header lateral 
strainer system 
with expansible 


deflector plate 

substituting 
for these 

parts 


VERTICAL 


strainer heads. J 
Adjustable Jack legs 
Location for wash rote of flow 

controller when used. See Fig. C - below. 

PRESSURE FILTER -TYPE "E" (PERMUTIT CO.)* 


NOTES- Dimensions 
and capacities differ 
slightly with different 
models. 

Horizontal pressure 
filters ore also manu- 
factured. Their approx- 
imate capacities range 
from 134.- SIS g p m. 


TABLE B - CAPACITY AND DIMENSIONS OF TYPET VERTICAL FILTERS’ 


Diam. 

Height 

Overall 

Minimum 
Head Room 

f-Toor Space 
Operating 

30" 

6' n " 

7' 10" 

3'0"x 5' 9" 

36" 

7' 1" 

8' 1" 

3'6"x 6' 3" 

42" 

7' 1" 

7' 4" 

4'0"x 6' 9" 

48" 

7' 3" 

7' 7" 

4' 6" X 7' 7" 

bV 

7' 4" 

7' 8" 

5'0"x 8'!" 

60" 

7' 5" 

7' 9" 

5'6"x 8’ 7" 

66" 

T 8" 

8' 1" 

6‘0"x 9' 3" 

72" 

7' 8" 

8' 4" 

6' 6" x 9' 9" 

78" 

7' 9" 

8' 7" 

7'0'' x 10' 3" 

R4" 

8*2" 

9' 0" 

7' 6" x 11' 5" 

90" 

8' 3" 

9' 3" 

8'0"x 12' 0" 

96" 

8' 4" 

9' 10" 

8'6''x 12' 6" 

108" 

8' 9" 

10' 0" 

9' 6" X 13’ 9" 

120" 

9' 0" 

10' 10" 

10' 6 ' X 14’ 9" 


Size of 
I'ipc 

2 " 

2 " 

2 " 

IVf 

2Yz" 

3" 

3" 

3" 

A" 

4" 

4" 

4" 


Capaci-f y 

2-gal. Kate 

9.8 

14.2 

19 

25 

32 

39 

48 

57 

67 

77 

88 

100 

127 

157 


G . P- M . Back 

Wash 

3-gal. Kate G.P.M. 


14.7 

21 

29 

38 

48 

59 

72 

85 

100 

ns 

132 

150 

191 

236 


49 

71 

96 

126 

159 

196 

237 

283 

332 

385 

440 

500 

630 

780 



Float operated 

butterfly 

valve 


FIG. C - WASH RATE 
OF FLOW CONTROLLER.^ 

* ^rom P^rmufif Co. Bulletin No. 2225 



FIS. D - RATE OF 
FLOW CONTROLLERf 


« 


0 ^ <Km 




tA^M ait I# 


FIG. £ - RATE OF 
FLOW INDICATOR? 


LABORATORY FURNITURE, APPARATUS, AND SUPPLIES 

FOR 

WATER filtration PLANTS 

1. GENERAL - The following schedule of laboratory furniture, apparatus, and supplies 
has been prepared for the various types of water filtration plants, as follows: 

a. Class A Plants - Filtration plants serving a population of more than 10,000 

or treating surface water taken from a polluted source where complete control 

is required for the operation of the plant. The laboratory equipment provided 

will permit routine chemical and bacteriological analyses, as well as micro- 
scoDic examinations. 

b. Class B Plants - Filtration plants taking water frorr a slightly polluted source 
or from wells where softening or iron removal is required. The laboratory 

equipment provided will permit routine chemical control tests, bacteriological 
tests for coliform organisms, and total plate counts. 

c. Class C Plants - Plants where chlorination only is provided to insure the bac- 
teriological quality of the supply. The laboratory equipment will permit rou- 
tine residual chlorine, pH, and alkalinity determinations only. The list of 
laboratory furniture and apparatus is considered to be the minimum required. 

The equioment listed is complete in itself with all necessary details and ac- 
cessor ies . 

2. LABORATORY FURNITURE - The following list of laboratory furniture includes those 
items required in Class A and B plants. It is the intention that this equipment 
will meet the minimum requirements for laboratory furniture. However, discretion 
should be exercised in selecting furniture that will fit the space requirements in 
the laboratory and harmonize with other facilities. It is recommended that the 
several units be purchased ready-made, as this type is preferable to built-in furni 
ture. The equipment listed is complete in itself with all necessary details and 
accessories and the items listed are standard with at least three manufacturers. 

The tops of the table and the benches are of specially treated materials to resist 
the action of the chemicals. The furniture required is as follows: 

Item I. One (I) laboratory table of oak, approximately 6*-0" long, 32*' wide and 

36" high. Table shall be fitted with a maple bottle rack with acid re- 
sisting back; rack shall be approximately 60" x 8" x 18". Peg board over 
sink, 14" x 19^", shall be fitted with 16 pegs. Table top shall be fitted 
with a lead lined (4 lbs. per sq. ft.) trough, approximately 66" x 4" x 
6"/3". All joints sha*ll be burned with pure lead; soldering not permit- 
ted. Sink with back at end of table 14" x 18" x 12" mounted on tubular 
stand shall be of selected soapstone. Sink shall have 2" lead "P" 

* From Engineering Manual, War Dept., Corps of Engrs., March 1942. 
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WATER PURIFICATION - LABORATORY EQUIPMENT*- 2 


Item 2. 


Item 3. 


trap; for connection see plumbing. Cabinet supporting frame shall be 
mortised and tenoned, glued and reinrorced with bolts. Drawers shall be 
dovetailed, doors Shall be built up and shall have suitable pul Is, catches, 
and hinges. The cabinet shall be equipped with two long drawers at top, 
four intermediate drawers, and two cupboards. Cupboards shall be fitted 
with two adjustable removable shelves. Top shall be of Shellstone or ap- 
proved acid resisting material. Equipment shall have two compression hose 
bibs over sink for hot and cold water; three straight-way water cocks with 
hose connection over trough; and i” pipe conduit with two duplex recepta- 
cles with "T" slots, mounted in cast metal conduit fittings. Connections 
shall be made to floor outlets. All service lines shall be carried to 
floor with shut-off for each line. Finish for all exposed steel and ser- 
vice piping shall be acid and alkali resisting enamel. Table shall be 
type #16560 as manufactured by E. H. Sheldon 4 Co., Muskegon, Mich, or a 
similar table as manufactured by W. W. Kimball Co., Chicago, III., or 
Hamilton Mfg, Co., Two Rivers, Wis. 

One (I) balance shelf, 3' long x 2' wide; oak construction, except for 

I 5/8 thick birch, black carbonized top; equipped with drawer 21" wide 
15" deep, 3 3/4" high. Shelf to be equivalent to 


for 

wide, 


E, H. Sheldon 4 Co. 
W. W. Kimball Co. 
Ham i 1 ton Mfg. Co. 


No. 12520 
No. 682 
No. L-l 174 


One (I, sepply pape, 48" wide, 15- deep, 80’ high, upper section glared 

wide, 60" high with 3 adjustable shelves; cupboard shelves; cupboard 
section 44" wide, 12" deep, 13" high, of oak. 


E. H. Sheldon 4 Co. 
W, W. Kimball Co. 
Hami Iton Mfg. Co. 


No. 41040 
No. 9562 


Item 4. One (I) lower section cupboard unit, 37 5/8" long x 24" wide x 36" high 

containing I double cupboard 34" wide x 28i" high x 20 5/8" deep, with 
s one sink I4 1/4 long x I0" wide x 8" deep with I set of drain fit- 

.ngs, I cold water pantry cock and | double electric receptacle for 
A.C., table top to be scored to drain to sink. 

E. H, Sneldon 4 Co. 

W. W. Kimball Co. 

Hamilton Mfg. Co. ffo. L-804 

e!ceIm^^'^^” construction, natural finish throughout 

except table tops, which are to be I 5/8" birch black carbonized. 

Engineering Manual, War Dept., Corps of Engrs., March 1942. 
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Ite. 5. l™ labor, or, as for Class C oUots. the fsraltare to be provided shall 

St o a .or table at least bb' lonp « 36" .ide and 30' high u! 

labor!! T. chenlcals re, hired for a Class. C 

tion llTt ! ! constrpc- 

on, as k.tch.n type or bui It-in-place fprnitpre .in shffiee. A lab, 

atory s,nk should be provided convenient to the .ork table. 

LABORATORY APPARATUS - The fol,„.i„g ,, 3 * of laboratory apparatus includes thos, 
items required in Class A, B, and C plants: 


QUANTITY 

Type of Plant 
ABC 

I 


DESCRIPTION 


I I 
I I 


I I 


12 12 
18 18 
6 

6 6 
2 2 
2 2 


4 

2 

2 

1 

2 


3 

2 


grams 

X 12" 


Balance, analytical, student model, 
chain type 

Balance cover, rubberized cloth, 
for above 

Set balance weights, Class S, 

100 frtg. to 100 gm. 

Harvard trip scale balance 
Set balance weights I to 500 
37^C electric incubator, m" 

X 11-3/4" 

Smal 1 refrigerator 
Two-burner hot plate 
Two-burner gas oven 
Pressure sterilizer, IT x 24" 
Electric muffle furnace, 

Hosk ins Type FD 
Jackson turbidimeter 
Water still - capacity I gal. 
per hour 

Wide-mouth bottles, glass stoppered, 
30-32 oz. 

Wide-mouth bottles, glass stoppered, 
125 ml. 

Dropping bottles, 30 ml. 

Dropping bottles, 60 ml. 

Wash bottles, 1000 ml- 

Pyrex bottles for distilled water, 

2i gal , 

Cylinders, double graduated, 100 ml, 

500 ml . 
1000 ml. 

Volumetric flasks, vial mouth 50ml. 
" " " " 100 ml. 


n 


ft 

ft 


n 

n 


CATALOGUE NUMBERS 

Central 
Scientific 


Co. 


E. H. 
Sargent 
Co , 


Chicago 

Apparatus 

Co. 


1020 

S— 2675 

40200 

2020 

S— 3965 

42710 

8170-B 

S— 4075 

42100-B 

3470 

S— 3215 

40430 

9140 

S— 4285 

42480-E 

46010 

16685 

S— 41475 

74550-B 

44120-A 

S— 76025A 

79470-A 

13675-A 

S— 36855A 

71875-A 

29105 

S— 83705 

81000 

12760-A 

S— 27465 

66330-A 

10450 


45640 

10450 


45640 

10580 

S— 8785 

48100 

10580 

S--8785 

48100 

10710 

S— 9365 


10480 

16125 

S— 24695 

64860 

16125 

S— 24695 

64860 

16125 

S— 24695 

64860 

16225 

S— 34845 

70900 

16225 

S— 34845 

70900 


* From Engineering Manual, War Dept., Corps of Engrs., March 1942- 



WATER 


QUANTITY 

Type of Plant 
ABC 


DESCRIPTION 


CATALOGUE NUMBERS 


Thermometer, Centigrade, -5° to 205® 
Watch glasses, counter po i sed , (pa ir ) 
Absorption tube, to hold soda lime 
Desiccator, 250 irm. 

Evaporating dishes, porcela in,75min. 

Evaporating dishes, porcelain, 90 mm. 

Pipette stand 

Burette support 

Burette clamo, steel 

Gas burner, Meeker or Fisher 

" 250 ml. 
" 500 ml. 
" 1000 ml . 

Erlenmeyer f I asks , Pyrex , 250 ml. 

" " " 500 ml. 




f| 


n 


ri 


n 




n 


n 


1000 ml . 


n 


n 


ri 


n 


tt 


n 


II 


11 


Beakers , Pyrex, 50 ml . 

150 ml. 

250 ml. 

400 ml . 

600 ml , 

Beaker covers, 3^ in. 

Filtering flask, 500 ml. 
Filtering crucibles, Alundutr, 
RA360, 25 ml . 

Rubber crucible holder 
Funnels, 100 mm. diam. 

65 mm. diam. 

long stem, 100 mm. diam. 
Nessler tubes, 100 ml ., 

50 ml . 

Burettes, graduated in 0.1 ml., 


marked at 


Central 

E. H. 

Ch icago 

Scient if ic 

Sargent 

Apparatus 

Co. 

Co. 

Co. 

19225-B 

2250-A 

S-3785 

45650-A 

14755-A 

S— 28815 

73460-A 

14550 

S— 25015 

65030 

18575 

S— 25505 

65210 


50 ml . 

Burettes , 


rr 


ri 


ft 


11 


Pipettes, VO 1 umetr i c ,Exax blue 
line, I ml . 

Pipettes, volumetric, Exax blue 
line, 5 ml . 

Pipettes, volumetric, Exax blue 
line, 10 ml . 

Pipettes, volumetric, Exax blue 
line, 25 ml . 

Pipettes, volumetric, Exax blue 
line, 50 ml . 


19120 
19080 
121 15 
1 1 105 

16225 
16225 
16225 
14905 
14905 
14905 
14265 
14265 
14265 
14265 
14265 
15850 
14985 

10065-A 

I8fl0 

15070 

15070 

15050 

29060-C 


15925-C 
25 ml.l5925-B 


16335 

16335 

16335 

16335 

16335 


-25505 

-78905 

-78355 


S— 69515 
S— 69515 


65210 
78110 
791 10 


S — 12195 

49710 

50560 

S— 34845 

70900 

S— 34845 

70900 

S— 34845 

70900 

S— 34105 

70750 

S— 34105 

70750 

S— 34105 

70750 

S— 4675 

44300 

S— 4675 

44300 

S— 4675 

44300 

S— 4675 

44300 

S— 4675 

44300 

S— 83605 

80890- 

S— 34375 

70840 

S— 24375 

S— 24475 

64480 

S— 35305 

71260 

S-35305 

71260 

S— 35315 

71200 

S— 21035 

62130 

S — 10635 

49320-/ 

S— 10635 

49320-E 

S— 69515 

78010 

S~695I5 

78010 

S— 69515 

78010 


78010 


78010 


■ Fr„„ Engineering' Manual, »,r Oept., Corps of Engrs., March 1942. 



WATER PURIFICATION ~ LA60RAT0RY EQUIPMENT *- 5 


0,-45 


QUANTITY 

Type of Plant 
A B C 


DESCRIPTION 


*• la la la 


♦♦la la la 


Centra 1 
Sclent if ic 
Co . 


CATALOGUE NUMBERS 

E. H. 

Sargent 
Co . 


Gas burner, Bunsen, Tirrill Type 
Stone jars for waste, 2 gai . 
Pinchcocks, Mohr, 2^ in. 

Clamps, test tube 
Spoon, horn 

Spatula, stainless steel 
Filter pump aspirator 
File, tr iangu lar , 6 " 

Funnel support, hardwood 
Iron ring stand; 3 r i ngs , 3" , 4" , 5 
Nessler tube stand 
Wire gauze, 4" 

Triangles, 2j" 

Tripod with concentric rings 
Tongs, 9 " 

Camel's hair brush, medium 
Brushes, flask 

tube 


H 


f1 


fl 


tr 


Vacuiifn tubing, 1 / 4 ’’ bore (feet) 

Rubber tubing, " " " 

" " 1 / 8 ” bore (feet) 

Corks, bags of assorted sizes, 3 to 16 
Cork borer, size to I 1 rrm, (set) 
Rubber stoppers, assorted (lbs.) 
Filter paper, 9 cm. (boxes) 

12.5 err. (boxes) 
quantitative, 9 err. (box 
Glass rrark i ng penc i Is 

HYDROGEN ION COMPARATORS 
Hellige comparator, ^600, 
standard rrodel, 620/39 
Add it iona 1 d i scs . 


n 


n 


n 


n 


I 1025 
16925-B 
12186 
12155 
18775-C 
18755-B 

88325 

19035 

19072-B 

29070-B 

19970-A 

19375-C 

19775-B 

19600 

10938-A 

10985-B 

10970 

10974 

18204-C 

18202-C 

18250-A 

12404 

12460-B 

I8I53-A 

13250 

13250 

)I3355 

14015-C 


21430 


oH, 620/48 
" " chlorine, 620 C-7 

Hellige Simplex comparator, 

#603, 622/39 

Additional color pi ate , pH ,622/48 
" " " chlorine, 

622 C-7A 

LaMotte block comparator, pH, 

Range 6 . 0 - 7 . 6 ,bromthymol blue 
LaMotte block comparator, pH, 
range 7. 2-8. 8 , cresol red 
LaMotte block comparator , ch lorine 
LaMotte Universal pH outfit, 
model 33 


21400-J 


21500-H 


21500-K 


-12295 
-43945 
-19495 
-19555 
-75175 
-75245 
-33575-A 
-32235 
-78815 
-78365 
-21075 
-85325 
-8241 5-C 
-82515-B 
-821 15 
-9725 
-9965 
-9985 
-1005 
-73525 
-73515 
-73565 
-23075 
-23175 
-73305 
-32915 
-32915 
-32785 
-65765 


S--4I725-H 


S--41725-K 


Ch icago 
Apparatus 
Co . 

50270 

75780-B 

56740-B 

56680 

79225-B 

79220-D 

70160 

69630 

71670 

79905 

62140-C 

81050 

80540 

80565-B 

8490-B 

49180 

49250-A 

78880-C 

78805-C 

78850-A 

63805-B 

63880-B 

78785-A 

69710 

69710 

69920 

77965 


From Engineering Manual, War Dept., Corps of Engrs., March 1942. 
la and lb are alternate items. 


C-44 


WATER PURIFICATION - LA50RAT0RY EQUIPMENT ‘-G 


QUANTITY 


DESCRIPTION 


Type of Plant 
ABC 


24 24 


24 24 


30 30 


BACTERIOLOGICAL 

Microscope, monocular, Bausch i 
Lofrb, No. H 8 

Pipettes, l.l ml. capacity, 
graduated at 1 .0 ml . 

Pipettes, II ml. capacity, 
graduated at 10 ml . 

with covers, 

fTfn ■ 

large, 7 


n 


X 7/8" 


Cu 1 ture d ishes 
100 mm. X 15 
Culture tubes, 

(gross ) 

Vials for large culture tubes 
(gross) 

Culture tubes,small, 6 
(gross ) 

Vials for small culture tubes 
(gross ) 

Thermometer, Centigrade, 0° to 
I 10° 

Glass s 1 i des , 37 mm . X 75mm .(gross ) 

Cover slips (gross) 

Lens, reading glass 
Counter, tallying machine 
Counting aoparatus 
Culture dish holder 
Pipette sterilizing boxes, 
copper, 2i” x 16" 

Test tube support 
Test tube basket 
Double boi ler, 2 qts. 

Inoculating needle holder 
Forceps (Chromel) 

Inoculating needles (24 BAS 
( Package ) 

Lens paper (quire) 


Gauge) 


MICROSCOPICAL 

Sedgewick rafter filter 

Cloth discs to support filter sand 
Counting cell 

Cover cells 

Eyepiece micrometer 

Book, Standard Methods of Water 
Ana lysis 


CATALOGUE NUMBERS 

Central E. H. 
Scientific Sargent 


29032 

29034 

29035 

29036 

29037 


Chicago 

Apparatus 
Co . 


61050 

S— 52085 

76264-C 

46650-B 


78020-B 

46650-F 


7802 0-F 

44370-D 

S— 25925-B 

65270-A 

44500 

S— 79525 

80610 

44500 

S— 79525 

80610 

44500 

S— 79525 

80610 

44500 

S-.79525 

80610 

19255-A 

S— 80305 


66310 

S— 58785 

76805 

66510 

S — 58715 

76810 

60400 



73320 

S— 23285 

64070 

44320 

S— 23395 

64000 

44400 

S— 26055 

65320-B 

46670-B 

S— 69815 

78090 

19200-A 

S— 79005 

80790 

48520-B 

S— 79835 

80755-E 

12970 

S— 8215 


46220 


77535 

66600 


76970 

46210 

S— 62755 

77540 

12290 

S— 44325 

76865 


80960-B 
8096 5-B 
80940 
80940-A 
80950 


From Engineering Manual, War Dept., Corps of Engrs., March 1942. 





PU»L,C E,0„T„ EOIT.O*, 

Plat inutr-cobalt standard, color 5oo 

Standard calcium chloride solution • 

Standard soap solution 500 ml. 

Standard ferric iron solution 1000 ml. 

Standard silver nitrate . . 500ml. 

500 ml . 

Soda reagent . 

Acid, sulphuric, N/50 solution 

Sodium hydroxide, N/50 solution 

Sodium hydroxide, N/im solution 500 ml. 

Potassium thiocyanate ! 

Acid, hydrochloric, dilute approx imateiy's’N’ ! 

Potassium permanganate, aporox imatel y N/5 , 

Acid nitric, 6 N Solution ' 

500 ml , 

Methyl orange indicator unn i 

Phenolphthalein indicator i ' 

Erythrosine indicator roo "'i ' 

Potassium chromate indicator mn ”" 1 ' 

I 00 ml . 

CULTURE MEDIA 

FORMULAS OF "STANDARD METHODS OF WATER ANALYSIS" 

Bacto-nutr lent agar, dehydrated \ ]b, 

Bacto-1 actose broth, dehydrated .... 1 lb! 

Lev i ne ’ S“Eos i n methylene blue agar, Difco ^ 15 , 


1936 


BACTERIOLOGICAL STAINING SOLUTIONS 
ACCORDING TO "STANDARD METHODS OF WATER ANALYSIS" 

Bismark brown . 

Carbol fuchsin 

Carbol gentian violet . 

Gram's iodine stain 

Methylene blue, Koch's 

Safranin stain . . - 

Potassium iodide 

NOTE: For Class A plants chemicals should be bought in bulk and standard 

solutions and reagents prepared by the plant chemist. This may 
apply in part to Class B plants. 


i lb. 


i"Froin Engineering Manual« War Dept., Corps of Engrs. . March 1942- 


6-60 


WATER DISTRIBUTION-PIPE SYSTEM, FLOW DATA 


i^alv es S' /y f=> focafec:/ 
S^ree. / }rff‘er^ec f ions in sian</arc/ - 
/7ca^ SOS i t ion fon cose in ^/n^/ng 
in case of breaks- 

/n/ersec/y’on <^f farge ^/peSfO 

\ -'a/ve in oach broach des/nah/^ 

i Mile hei^een 

3a va/ses on arass -coaaec/in^ 
-no/ ns face fed so f/?af no si/ngie 
b^eak sha// rega/no more ihan 
SOO/f io be oa f o f J'ervic^ in 
ya ii-e d/s ^‘••/efs nor more ihan 
800 fi in oiher disfr/cfsfw'reoa/re 

JJ 4 7 

shi/tung aoyyn of on or/ery^ 


3000 * 
Mqx. S^Ctrfi 


f 

'Arferies 


Jccondo/y 


r 

^Arber/ej 


S- Secondary Feeders 
pobed So bhob nob more bban 
X d4Mi/e is of feebed by hreoA:^ 

ybbydronbspadnp bo con form bo Table A- 
— ^ > Pg i^ OL Approx. J50* in high vo/ac 

^ disbricb of barge c///es bo Boo* 

i saburbory res/denbia/ Sccbfbn* 

4/r ya/irss of high pohixrp 

Sopp/y l/ae-^ ” ^ 

SioPvaffs ab/arvpoiabs d 
ross-coaaecb/rrg mo/as • min '/mu/Tri 

rC5 residenb/o I oreos^ S '* 

gh va/uc d/sbriabs. On principal 

eebs S'- for of! ioryg lines, nob crojs 

■yneebed ob(BOO * inbervo/s JPmo/ns 

d iorgersboo/d he used. 

^rsbr'ihabors broacbiiag from larger 
pipes s boa id be eguipped yv/bb ya/ves, b^ 
/orger pipes need no b have va/ves abeach rich hrmb. 


FIG. A- GENERAL ARRAN6EMENT OF PIPE 5Y5TEM. 

^ . EI RE FLOW IN PIPES - PRACTICAL APPLICATIONS. 

Q^ SH . p f 3j/^/ems - Se/eef Io/-a/ f/re fJot^ from ToA/e X , P^. <5-01. 

Assumes ^hJS potv a/ /^o or rr^ore hc/a'ron/s o/-750 g.p.m. per Aya'ron/ /n orf 

a/os^^ rA//o^ /hr ^TS/r/oroS Corrra^/c rojio<^/ 

/ifoe/s Sy ^ga/wo/err/ P/pe or //orSy Cross mo/hoef, Po. G-^ 5 ,-(ZG * cheep h///h 

r.gu,r.r.^r/s oP TeS/o B - Pg. 5-0/. /pieoo's or. /oo /orr 'or%gh, ^vSei/Z/oTp}^, 


° ^ T/ye /rre//70<y' csf corrc/t/<s//r7q p/re P/at^/ Pej-/s 

fo a/oprn^,n. f he omoonf o f M/o/er ovof/oh/o oh ong p/vor pair? h in / ,/,sfn/boHon sgr^err, 

hos ieerr prooPo.c/ by ^np,r,.err oP ihe A/o/}ono/ BooreP o P Pir. ^/r7oierr^rr/^ers /ir rnoou 
oT/irZh/ e^hfch.y hp rr^./er a/e//^/ery orra/ Poor, cf /o be SaPP/o/er, h/y 

oocuro/. for c// proc/^oo/ o'e/err^rohPorrs oP o^oi/obJe fire f/o,.^. ^ 

The nuyer a f hyron/s used ir. o pnoup nooy ^orp Prorr, 2 fo <S,osuoJ/u 3ar-4ore usee/, 
depenyg on ^he pressure sjge oPrro/r,s orr,Porrroun / o P p^roher repu/rea' o/ /he pe/h 
T: /f P/otv/rrp pressure o/ hhe hyc/rort/s j's reotp 

a ''Ti or-e /M rrxi/a/ 

P^^-^sure read *v/7//a b/>e hudrory/s are> f/axK/yrr^ bU.e4^:rs^^ n.- _ / a 


0sbkmr‘ jt/ ^ sue, arycr Fr-ez-rv bby/s 0ve C‘a/7 oSra/ry f/re oua n f/b4/ eb amj 

obher drop ,n pressure . The mosb oecurobe de/erpr^/rryb/f^r^ a - Zl 

Or>e/ cy/ resoii/ye /S ^ 7 n Z'.'^ ych h, or,^ h^ or. /he c/rop oPpressure /or quon P/h/es <P, 

pouny/:/ri/s/X//sL%d/,i^^^^^^ /he supp/y oye/fT/e Ohio 

bo draper fhe orr^^rf/ne ^ 4^ j.i^ /s nof /7Ccessary^ or ger>era//y Gbes/rabbe^ 

/O /o Af Pour,// /S // fA hh/s //pure ; a e/rap of pressure ah hhe eeryhro/ hpPra r,/ of 

*//o fs ///otZ o 7/ / njn<y/hys /> per.ero//p ob/a/noe/ hp f/o,^rhpr 7 oh /n 

- f/o^/np pressure ofebouhSpeu^ 

mus/ Tnfd//////77f///Z i^fdZ''‘' hhe/ pressure onefs/ja arrr,ayrrs,oss/a 7 IoibeA,re, 
// Zc reo/%e/ 7hT/ in // ° op<^nec/onaf puon///u oP ryaher e/roiur,. 

eneuph u/o/er%7Us/ be e/ro/TT/hJ^/f^'^"^ neosarrab/y oceurohe re su //s oh ^OpourfoTs 

b^r egtj/pmeab far-besbs. See Fg , ^PPrec/ab/9 drop of pressure, of /earb dpoUr7ds. 


•«■/ /P.c. DenneH. AssistcntCMef Eng r. N«tl. Bo! of Eire Unyemrifen. 


WATER DlSTRIBUfoTwDRANTfvHnsF nisrMAgr^F " 


TABLE A- DISCHARGE TABLE FO^ 

HYDRANTS. * 

OUTLET PRESSURE MEASURED BV PITOT 
FWwiNsl OUTLET DIAMETER IM IMCHES ^ 

9 Q. 1 NCH U.s. GALLO NS PER MINUTE 

1 160 170 180 200 220 240 260 400 430 £10 640 SSo" 

2 210 240 260 290 310 340 370 570 CIO 720 770 sin 

3 260 290 420 350 380 420 430 700 740 800 940 MO 

4 300 340 370 410 440 480 630 810 860 1030 1000 1150 

6 340 380 410 450 600 640 690 000 960 1150 1220 1290 

6 370 410 450 600 540 690 640 090 1050 1260 1340 1410 

7 400 440 490 540 590 640 690 1070 1140 1360 H40 1520 

8 430 480 620 570 630 680 740 1140 1220 1450 isio IG'^O 

9 450 600 550 61C 670 730 790 1210 1290 1540 1640 1720 

480 530 680 640 700 760 830 1280 1360 1630 1730 1820 

600 600 610 670 730 800 870 1340 1430 1710 1810 1010 

520 580 640 700 770 840 910 1400 1400 1780 1800 1900 

560 610 670 730 800 870 9.50 1450 1550 1850 1960 2070 

670 630 690 760 830 900 980 1510 1610 1920 2040 2150 

690 650 720 790 800 940 1020 15G0 1660 1990 2110 2220 

610 670 740 810 890 970 1050 1620 1720 2060 2130 2300 

620 690 760 840 010 1000 1080 1660 1770 2120 2240 2370 

640 710 780 860 940 1030 1110 1710 1820 2180 2310 2440 

660 730 810 890 960 1050 1140 1760 1870 2240 2370 2510 

080 750 830 910 990 1080 1170 1800 1920 2290 2430 2570 

710 790 870 950 1040 1130 1230 1890 2020 2400 2550 2700 

740 820 910 1000 1090 1180 1290 1970 2110 2510 2660 2810 

770 860 940 1040 1130 1230 1340 2050 2190 2620 2770 2930 

800 890 980 1070 1170 1280 1390 2130 2280 2720 2830 3010 

830 920 1010 1110 1210 1320 1430 2210 2350 2820 2980 3150 

860 950 1050 1150 1260 1370 1480 2280 2430 2910 3080 3250 

880 980 1080 1180 1290 1410 1530 2350 2510 3000 3170 3350 

910 1010 1110 1220 1330 1450 1580 2420 2580 3080 3200 3440 i 

930 1040 1140 1260 1370 1490 1020 2480 2650 3170 3350 3540 

960 1060 1170 1290 1400 1530 1660 2550 2720 3250 3440 3630 

*Compu^ed wiHi CoerZ/c/e/?/, €-0,90^ fo nearest Wga/s.permfn. 


^ UIPMENT FOR HYDRANT FLOW TE5T5. 

The eq^ulprryenf neeessor'^ c<=>r>s-/sAs‘ 
ef G /7^c/rar-7/- oajo Zojojoeo^ /<j Zajte cc 
pressure art a/e Sapp/^ 

G7/70^ 30 poijrtc/ 

on /^o a n 20 0 pounc/ p a^e ^ c/eper>a/// 7 g 

upon r/?e s/a/Japres^ane or? //?e 
A CO rT7erc/o/ Zype p/Aome/en fs shaken /n 
^ ZP rhe hpc/ra r?/s c/sg<P 

hoVG />vo an mane oo/JeAs a pressure 

p a ye or? ane aa//eA iA/h}/e arta/jhen 

ou A/eA As P/om/A^p i^/// y/x/'e app ra y /rrroZe/p 
AAo Some rescj//s os //?e ase aP a 
p ^ Ao A Au ha, Yh e p JAo A Ais £> e asecZ Ar? 
cA^Zerm/n/np c/AsaharpeS fro nr? /?y c/nan A 
oaA/e As, Ate Ac/ oA Ahe cenAer ap Zhe sArean? 
oSouA Zto/f AZte c/Aa me/en in PronAafAPe 
ouA/eA, Zjos n sAno/ph a h/cycAc ad oaf 

d j/7apes Aonp^ AppecA m//AP c? an /or? 

or AZyreaaZec/ co n rjec:/ A o r? par AA?e 

P o ge A Afye laAZer^ fon mesZ cor>yer7/er?A 

ose. As 3 /ncZ? prac/ua/eaA Ar? Aja/P poancAs, 
Prorr7 O Aa 30 pou'rpoAs, 


* * 


R,C. Oonne^ij £ngr. A/hZ/. 3<A of pre ddc/eriyr/Ze/T. 


TABLE B' FIRE STREAM 6- HOSE DATA 


SIZ.E OF NOZZLE IN INCHES 


V/6 m 1 13/d 


1/2 


2 ^ 



1 1 

i * 

|5 




€ E 
S g 


•3 

•5 o 


5 1/1 


.a o 



8 1 

i i 

— JS 

15 




132 

148 

162 

175 

187 

198 


219 


238 

247 

256 

264 

272 

280 


4.6 

5.8 

6 8 


8.9 

9.9 

10.9 

11.9 
12.8 

13.8 

14.8 

15.8 
16 7 

17.7 

18.7 



167 

187 

205 

221 

237 

251 

263 

277 


301 

313 

324 

335 

345 

355 


7.3 

8 9 
10.5 
12.1 

13.8 

15.3 

16.8 

18 3 

19 8 

21.3 

22 9 
24 5 
26 1 
27.7 

29.3 


206 

230 

253 

273 

292 

309 

326 

342 

357 

372 

386 

399 

413 

425 

438 


s 1 
i i 


5 -S 

S ^ 

4 . 


10 6 
13 I 
15,5 
17 8 
20 0 

22 2 
24 7 
27 2 
29 6 
31 7 

33 9 

36 I 
38 6 
40 8 
43 I 





250 

280 

307 

331 

354 

376 

396 

415 

434 

451 

469 

485 

500 

516 

531 


5 8 

7 2 

8 6 
9.9 

112 

12.5 
13.8 
15. 1 
16 4 

17.6 

18 8 
20 0 
21 2 

22 5 

23 8 


298 

333 

365 

394 

422 

447 

472 

494 

.517 

537 

558 

578 

596 

614 

633 


t M 

Is 


8 1 
10 1 
119 
13 7 
15 5 

17 3 

19 1 

20 8 
22 6 
24.3 

26 0 
27 8 
29 5 

31 2 

32 9 



92 

94 

96 

98 

100 


/• Phe above VaAc/e& oAZ/te are/ pr ossa ro /(?ss An one/ 3 /nch besZ quof/Ty rc/bhBr 

A/hec/ hose are Zhose g)ver> by AAoZ/ano/ 3oora^ oZ' Z/re //no/ertA/r/Zors. 

2 . /7>rJ/7s)cZe hof?</ A//70S SPs/rtcA? fyase A/hes iv/ZZ? fV&/ncZ? sZ?£/Z aZZ /toSbZos ore yencraJ/g ^seo/, 

3. fhr p/’ghp/np Aarpe P/res Ara/r? /Are oyAs/cAe, lys /ncZr r?o_^^/es are usaa/fg c^gc/ kv/Zh S/ncZ? 

hosG A/nes on s/arrses&ep 2/2 AsreA AA/ogs^ Mojc/rrtujn? Aar/gA/ oppose to 500 

A. Pbr resIc/GnAAtaA are/ySy f7Sg.p./7?. P're sAreoms ore sAanc/ar<P/je<P os saAAs Pac/arp, ancA Pan 
bus/acss cA/sArJcAs <aP arcAA rranp e/raran Aon 2SO g.p.nn- sAroonn?, 

3. TfyQ orcA/nara co aac/Zy oZ PamitGrAs 750 9>p n-?, iwh/oh sAtou/a/ he Sars>//oa/ by cpc AycArgaP 


'^From PaZf. 3<A.oP F/'re l/neAerkvr/Aers* ' Fram Da^vis/Andbook of Appl/^d MyArAuhc£>^ Oraw-Rilf 
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WATER. DISTRIBUTION 


FLOW IN PIPES-I 


HAZENi WILLIAMS FORMULA 


V 


6^> g 0.5-4- 


re K= we e a? Vg/oci'/c/ /n fetz/^ par ^cortc/, r - hyc/rcta/ic reyc/r'as rn reef, S-he 
drou./a 5 fope rn fee/perfoof of /erpfJ?, C-ffo:zer> ^Pr/J/farr?^ Coef//cien/ ofrot/pf,r7ee9 

Q UANTITY OF FLOW FORMULA Q 5 

iVherc Qz flow in Cubic feci per second , A-crosa-se.cf}onal Are^a of pipe in 
square feci, V- mccrn \^/oc}fy in feel p er Second, ^ ' 

TA&LE A - VALUES OF C IN HAZEN AND WILLIAMS formula 


FOR VARIOUS KINDS OF PIPE.. 


KIND OF PIPE 

CAST IRON 

Neyv ivc/J IcfJc/ 

4 fo G ^c-<yrs &/d/ 

/O uccjrs oJe/ 

/3 /c 20 year^ oIc/ 

2 G /o 35 years gI<J ( 4 "/o lO ' 

37 /o 4 Tyears old ( iZ'fo GO 

ASBESTOS- CEMENT 


CEMENT-LINED PIPE 

^ o D lie d h y i^oncl 
Cerj*r/fijya//jy arppJJetd 

RIVETED STEEL P 1 P£ 

37c tv^GG 3o 144 Si'zc^') 

JO years o/cJ CGG'fo J44‘'5/z 

Over JOyeors aid 

2 ‘, 2 ' 2 '’e 5 ' PIPE 


c 


]ho 

1 20 

no 

loo 

So 


KIND OF PIPE 

"C" 

Old fror> 

An 

1 ViZrry j-aagh 

(cO 

S>a/dJy /ube-rc£j/ta/c>d 

40 


140 


125 

140 


no 

lOO 


Vfe/y smooth ancf sfraigh^ 

SmooJ-h A/eiV /r-r^rj 
I Ored /rxzfry /rafo 
O/c/ Jron 
dc.ry ro£/y/i 

_BRAS5 PIPE (0.03to|.2 Sizes) 

CMoy also be osed far s^raiphr 
lead, Ijn ^ drah^n Ho pper Pipes^ 

tile (. Good Condition) 

WOOD STAVE OR SMOOTH 
WOODEN PIPE. 

BRICK 


Mo 

I 20 

loo 


(bO 

130 


no 


^•^r^ j/r^oo/h fsir-ophf Brass .T/n 

Orc/inaru slrcrJ^bf Brass .Tin 

Srr7 o<s rh /Ve *V Iron 
Ordir7crr^ /ran 


Ido 

130 

120 

fOO 


fire: hose 

fxlremeJp jrr>oo/fi 

P ubber /frted 

Mill do&e 

UnJ/ned lirjen dos 


120 

loo 

l2o 


!2B- 140 
100-120 
as- S>5 


Fo R VA R 1 0 U S^VA^ L u'f R CA P AC l XY_^^^D_±iEAS_LP3.S 

^R VARIOUS VALUE S OF C FOR USE WITH FLOWCHART. TIG. A- Po.6-63 


"c" 

"K," 

“Ki 

AO 

5 • 4(c> 

0.40 

G>0 

z.5a~ 

O.GO 

So 

1 . 51 

o.So 

90 



I .22 

O. 90 

loo 

l.oo 

1 .OO 

no 

0.34 

1 . lo 

120 ~ 

O. 71 

I. 2o 

IbO 

O. 62 

1. 3o 

140 

O. 54 

I. 4o 


if f loss cf head tv/fh po/cre of 

C o//,er fhor7 /OO, muJiipIy fhe /oss of head 
found rr? /y^. A- Pg. G-G3 6g fhe M " yo/ue 

g/\/e/n Jn fable af left. 

gucrnfifcf of r/oiV yo/ue 

of C of her fheyn /OO, nnu///p/y /he 

querry/i/y of //ots/ foanef /n P/yure A - Pg. G-Q5 

^2 Vo/oe g/y^r? in fab/e af /e fh. 



FLOW IN GALLONS PER MINUTE 


WATER DISTRIBUTION 


6-65 


br3000 


9000 

8000 

7000 

6000 

5000 

4000 


2000 


1000 

900 

800 

700 

600 

500 

400 


b-300 


200 


30 


14 


10 


200 

300 

400 

500 


G. A - FLOW CHART 


FLOW IN PIPE5-2 


N 


9^ 

, 0 - 


-- lOO^ 


CbASED ON HAZEIN AND WILLIAMS FORMULA) 


Knoi^//jp crny'fiV^G of' 

//?e Fa/Joiv/no: FlOlV, 
D//IM£TFF, 1 033, 

VFLOC/TY, /he ai^her 

f C'CV? h c 

bu pjac /r?g a 

Fao:fo/^s /c/rot^r? 
anal reac/jng 

Fac/ors ( ^/70iv/7 A ^ £> 
de$/>^ C^D.) 


Table b, Pa^e G-(^2f For use of Fg, A iv///? values of "C"olber fhon 100. 


VERSION OF FLOW. 


GO/^ \C£/.fl/ 
/Mln\ 

/ 4,4oo 

\o 

0-0 2 Z 

20 

0.04 5 

28,800 

30 

0.067 

43, 200 

40 

O.O09 

57^00 

50 

O.M/ 

72.000 

60 

0.13,4 

8 6.-100 

70 

0.1 56 

i 00,800 

bo 

0.173 

1 J 3,200 

90 

0.20/ i 

! 29.600 

JOO 

0.22 3 1 

M 4.000 

120 

0.27 

f 7 2,800 

(40 

0.3) 

20 1,600 

/Go 

0.36 

230,400 

/so 

0.40 

259.200 

200 

0.45 

28 8,000 

220 

0.49 

3 1 6.800 

240 

0.54 

345,600 

2GO 

o. 55 

374.400 

Zbo 

0.63 

403.200 

300 

0.67 

4 32.000 

350| 

0.78 

504.000 

400 

0.89 

576,000 

4 50 

/. oo 

648.000 

SOO 

J.JI 

720,000 

550 

/.Zb 

792.000 

600 

A 34 

864.000 

700 

J.SG 

I /. 003.000 

boo 

A78 

}, f 3 2.000 

900 

2.01 

A 296,000 

\ooo 

2.23 

/. 44 0,000 

I/OO 

2.4 S 

/. 5 84,000 

/200 

2.6 7 

A 728,000 

/ 300 

2.90 

A 8 72,000 

Moo 

3.1 2 

2.0 ; 6,000 

/500 

3.34. 

2, /60.000 

/600 

3.57 

2 304.000 

/700 

*3.79 

2,443.000 

;8oo 

AO] 

2.592,000 

/9O0 

423 

2.736,000 

“”^oo 

4.46 

2.880.000 

3000 


4.320.000 

4000 

592 

5.760.000 

0 

0 

0 

H./4 

7 200.000 

6000 

tl.ZQ, 

5,64o OOO 


MMlMtjM PfiOflAQi.f PtH( fNIAl.E Of USt 


6-64 



WATER DISTRIBUTION 


FLOW IN PIPES -3 


TABLE A -FLOW OF WATER IN I TABLE 
NEW HOUSE SERVICE PIPES* 


B- EQUIVALENT PIPE SIZES* 


FVf^un- 
in mkin 
TVUod« p\r 


Ditehftrirr in cubic per minute 
Nominal internal Jiameter of pipe 'ifichea) 


lltrough feet of service pipe, no back pressure 


1 10 
1 27 
1 42 
1 5b 


01 
o 4S 

:t s<) 

4 2l> 


75 

ICX> 

130 


1 74 4 77 

2 01 5 50 

2 .N L C> 28 



16 58 
10 14 
21 40 
23 44 


33 34 
38 50 
43 04 
47 15 


101 80 200.75 
113 82 224 44 
124 68 245 87 


26.21 52 71 139 39 274 89 

30 27 60 87 liKl 90 317 41 

(VJ 40 183 52 361 91 



Through 100 feet of service pipe, no back pre 55 sure 


I 

1 2-2 
1 39 


1 84 

a 

3 7S 

10 40 

21 30 

2 12 

4 36 

12,01 

24 59 

2 37 

4 88 , 

13 43 

27.50 

2 60 

.5 34 1 

a 

14 71 

30 12 

2 91 

1 

5 97 

16 4.') 

: 3.3 (V8 

3 36 

6 90 

13 99 

38 89 

3 8:1 

7 X6 

21 66 

44 34 


118 13 
136.41 


92 0 1 

106 24 
I2I 14 


186 78 
215.68 
245 91 


I o 
100 
130 


Through 100 feet of sor>-ice p ipes, and 15 feet vertical rise 

T52 3 1 8 57 17,55 47 90 96 17 

0 W3 181 3 72 10 24 20 95 57 20 116 01 

n 75 2 (>3 4 24 11 67 23 87 65 18 132 20 

‘ 4 70 12 94 26 48 72 28 146 61 

• ' 

? o 'l^ ^ ■*" 14 G4 29 yi> 81,79 165 90 

0 - (V2 6 21 17 10 35 fX) 95.55 193 82 

^ ' 3 4s <14 19 6f) I 40 23 109 82 222.75 

Through IQQ feet of service pipe, an d 30 feet vertical rise 

! 1 1 ? ^ 6.80 14 11 38.63' 78 54 

00 1 o3 3 lo 8.68 17,79 48.68 98 98 

> ^3 2 0-2 4 15 11,45 23* 45 64 >5 i.TA ao 


4 0 
100 
130 


;oC' 


0.44 

1 2-2 

, 2 50 

0 .^.5 

1 53 

3 15 

1) 135 

1 79 

3 69 

0 73 

2 0-2 

4 15 

■ 0 84 

2 :V2 

4 77 

1 1 on 

2 75 

5 65 

1 15 

1 L 

3,19 

6 55 


14 II 
17,79 
20,82 
23 45 


38,63' 
48.68 
56.98 
64 22 


78 54 
98 98 
115 87 
130 59 


13 15 
15.58 
18 07 


26 95 
31.93 
37 92 


73 76 
87 . 38 
101 .33 


1 49 99 
177.67 
206 04 




'2 / 


Use ihii tufve lof miied system*; «.th 
Hush valves and prdmory i.ftuf**. 


ar A^-' I 2 


Use this curv» fcK piping 

A 



1 

1 

1 

1 

1 



• — ^ 

1 

1 


(. Of 

1 

! 1 
“i a 1 

‘ ■ » 1 ■ 

r > L ' 

a 


Q.2 




T/he figures shoiun above rhef/'ca^e houj many 
pipes of /be si^es prin/eef af ihe /op are e^u/y. 
a/enf /o one pipe of /he s/^e rh /he frs/ co/umn. 

EX/\MPLE : Given t 30" Pipe. 

Find : Equiva/en/ number of fS" Pipes. 

Tab/e 5. above, gives 3.S7, use 4.-/S" Pipes. 


FIG. C - 


^ ^ JfVTeooiooo Fwci 4obo ' bwo loo oo TU 

MA;(IMUM POS^lieLt fiOWGPM uw puw llWJO 

^ -BUILDING supply- f/oi 

:_IG. C - F^ CTORS OF USAGF. *^ /o / 

— 5"^“' be conserva/ive for p/an/s 

and no an Ufa c/u ring p/an/s v/bere /o/af deman 
our5. rac^or of usage mat/ 6e /00%. 


0 (/^MPLE OF USE OF FIG. C 
Assume maximum ffouj 300 
g^p.m. f/n o spectYec cose ^his 
vofue wou/<^ be Com pu fed using 
Tab/es E <S- G^Pg. G'OO and number 
of fix fares in vo/ved, ) 

(/sing Curve / in Eg, C of 
/eff ff/ush va/ves fo be used) 
ihe foefor of usage wi/f be 
' 39 % and fbe probob/e f/ow 
i^id be 300 k. 53 - if 1 g,p, nn. 
fh/s ti/g^p^rn, ts fhe overage 
flow whfch should be prov/ded 
io fhe bldg* from fhe oufside supp/g* 

nfs such as gymnasium 
nonds occur tp/ffhin cerfain 


Dpi a -Trorr 




Pi// 

Sd3, Chop/. 4G 
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WATER DISTRI&UTION-EQUIVAI FNT PIPES 


PIPES IN PAR Al ^ Ft 


PIPES IN S E R I E S 


*1- Q"D/o.-i 300 ’ L 


£cfui\'a!e,ni Pipe. 
(Assumed as /ooo ' 
in Jengf-h.) 

Exam pl&z 


^ 2 - G D/o-ld-OO Lon^ 


and lengths o/ p ora lie! 
# I an d Z as sho^vn /n 
figure. 


Egaivcieni Pi pe C Length -1000 fe.ef 
assumed ). 

3 o/a fi on : 

L Loss o/ head through Pipe ^ 1 
must always egoal loss of head 
through Pipe * 2 between points 
A^B. 

2. Assume any arbitrary head toss 
(convenient tor use in Fig. A., Page ('teb 
say to feet. 

S- Caicu/ate head Joss in feet per 
lOOO feet for pipes 4 ^2. 

1000-- l.l'/iooo 

^ " 7./;^ooo' 

Use Fig. A, Page G'G'b to find f/ow in 
gallons per minute. 

*i- <3 Diam. 7. 7 Voss A-OP SahjMin. 
*Z- G” D/am. 7. / 'loss 220 Go/s.fMin. 

Total Q through both pipes = 115 Gols.jMin. 

5. Using Fig. A , Page G~G3 wrih head loss, 

- lO'/jooo' 5 ^ G? = 115 GaJs/Min. the 
^guivaient p/p^ is found 

to be 6.3" Diam&fGn. 


•400 ' 


<oOO 


Pjpc^ CAssumcid 

c^s /ooo loEig ), 


E X am pie : 

Given : 

SiTes and lengths of pipes *^5anc( 
^4 as shown in above figure. 

Reau ired : 

Egu/valent Pi pe (Length - [OOO 
feet assumed ). 

Solution : 

L (Quantify of wateb flowing 
through pipe #3 and pi pe ft 4 

is the same-. 

Asset me emy arbi trarg flow 
through pipes F3 and # 4 
(conven]e:nt for us& with 
Ft g.Ay Page G-G5^say 500 Gats./Mrn. 

S. Us t ng Fig.A, Page G'Zt) find bead loss 
for pi pes ^3 and *4. 

Head Loss 

ftb " (3 Dia. - 4oO L ong 

500 GaLs./tUin. 0.4 x&. 0 = 5.2 ft 

1^4-5 D/a .-GOO 'Long 

500 Ga/s./M/n. 0.6 xhi.Q -- 19.Q .. 

Total head loss in both pipes - 23.0ff. 

4. Using F/gA, Page G-&3 with head toss 
- 25.0'/looo' and Q - 300 Gals.fM/n. 
the eguivalenf pipe sixe is foand 
to he G.s" Oiam&tezr . 


6 - <5 £ 


WATER DISTRIBUTION - FLOW IN PIPES -HARDY CROSS + 


BASIC 

EQUATIONS 


^ _ Difference of h 

^ 1.85 X 


Cf 


hf = /os 5 of head ^aefor. 
k = Value in Table E> “ below,'^(^ 

Q = lolol flov^ (700 g,p.m, /h example 
Qm = % of in any pipe. 

Cf -correction factor to Qm. 


below ) 


No te : hf must balance in any loop. This involves a process of trial <£ error 


EXAMPLE 

Requ f re d • 
Determine 

54 

% 


(B fven System shown in Fig . H , Q = tOO g.p. m. at A ^ D. 
loss of bead between A <$- D. Solution: Assume values shown thus 




k from Table 3. 

— . 41 _ 

- B 


as /n 


in First and Second 

Frrsf Trial Confinue*^'* 


shown thus (SO) in Feg,A. 
Tr/hls bel^. 


5000'ie’ K3« 


ALL C\ ' 100 


2000 • 10 


4-56 


BCD 

BE 

ED 


(11.2 

(2.4 

( 6.6 


M 


\ i 


Cirtfuif S 

23 = 268) X 40 

7.1 ^ I7)X 10 
32.4 = 181) X 60 

456 

760 


10310—10.110 

170 

10900—11070 

760 


iOOO'll' 


ALL Cf MOO 


5 6 


2000 -10' 4 56 


FIG. A-SY^ 

kO^ ' 


59 • 

OF TWO Cl VK C UITS 




Cf =Correcf >On = 0.902 

1.86 X466 

In nukitij? this correction it Should be noted that while circuit 
M reiiuircs a correction ot 6 , circuit N requires a correction of 
only I . This mean\ that the How from A to B should be m- 
creace<l C . hut at p<»int R this flow should be divided between 
BCD and BE so that the fluw in BCD is increased only I I 
therefore 1 is added to BCD an.l 5 is added lo BE. 


65 . 


= kQ 


0-6S 


F»nt 


Loco 


AB 

BE 

AFE 


Circ»4( y 

(k X M kQl^yx Q 

(3.6 X 27.8 = lOo) X 60 
(2.4 X 7.1 = I7)X 10 

(6.0 X 27J z:: 167) V 50 

284* 


S<cond Trial 
Loop 

AB 

BE 

AFE 


Circuit M 

{k X Q.o «s_j^Qae5^ _ 


(3.6 X 30.6 
( 2.4 X 10.0 
(6.0 X 26.0 


110) X 56 
24) X 16 
160) X 44 


*f 

6166 

360— 6626 
6600— 6600 


5000 

170 

6170 

8330—8330 

3160< 


•Addinc Ihe kQ-'^*= 284. 

••Sobtractinjf the hf Taluee = 3160. 

- 3160 

Cf =Corrcetion= = 6.02 

1.85 X 284 


284 

^Correction = 

1.86X 284 
CtrcfiK N 

BCD (11.2 X 23.6 = 263) X 41 

BE (2.4 X 10.0 = 24)X 16 

ED (6,6 X 32.0 = 179) X 69 


76 


= 0.143 


10800—10800 

360 

10660—10020 


Cf = Correction = 


466 

120 

1.86 X 466 


120 


= 0,139 


^hen hf balances in circuit the assumed percent of f/ocu is correct. 

determined /o off/ow in piping^ determine Q for any pip^ by multiplying 
^ total lOOg.p.m. in exomp/e above, Idith Q and si-^e of pipe tnown, the total 
loss of head con be computed using Fio. Page (^‘G3. 


table 6 -values of K for 1000 flop PIPE' 


Pipe 

DIA. 



POWER 



4^91 


leo 


ni.o 


24.2 


6. 


Z. 


.85 


. S5 


.79 




3G I .0067 

EXAMPLE : 


.to 


.04. 


.0f3 


.00541 .00461 

Oiven : D ~ /2 
P egujryd '- A 

Saf ufio n : Ar 


.46 


.24 


./4 


■ 03 


■03 


.01 f 


. 7/ 


• 34 


.20 I .18 


.!0 


■07 1 .06 


.05 \ .02 


.008 


.003B\ .0034 

C ^ fOO 


f40 


/33.0 


18.7 


5 


S 


.67 


.30 


./S 


. o9 


.05 


.07 


.007 

■ 003 










60 

37.4 

EED 

EBD 

10 


37.4 

37.9 

3<9.3 

38. S 

39. f 

39.6 

80 

41.5 


47.3 

433 

wsn 

44./ 

SO 

45. 8 

Em 

44.7 

QQI 

41.6 

46.0 

48.4 


3.9 I 4.G .5.21 S-Sl 6.3 


10.0 /0.6\ ti,i 


fS.4 /S.3 JO.S 


70. S I 71. o] 21. S 


25.4 25.5 I 26.4 


30. t 30.6 31.0 


3s.e 





n.o 


22.0\ 22.5 


76.8 27.3 


32.0 


36.0 36.5 


40.5 41.0 


4&.0 45.4 


49.7] 49,6 



= /.? 



65 


S4 




23. <h 
















































































































WATER DISTRIBUTION-HEAD LOSS IN VALVES FITTINGS ETC 


Globe ValvCi Open 


Angie Valve. Open 


L 


Return Bend 


Standard Tee 
Through Side Outlet 




Standard Elbow or run ^ 
Tee reduced Vi 




Medium Sweep Elbow or 
run of Tee rrauced )4 


Long Sweep Elbow or 
run of Standard Tee 


O O 


Gate Valve 
H Goaed 
^ Goaed 
M Goaed 
Fully Open 


Example; The dotted line shows that 
the resistance of a tvinch Standard El- 
tew is equivalent to approximately i6 
feet of 6-inch Standard Pipe. 

Note: For sudden enlargements or sud- 
den contractions, use the smaller diame- 
ter. d. on the pipe size scale. 


1-3000 


2000 


1-1000 


-f 




Standard Tee 


P300 


^ Square Elbow 




Borda Entrance 


Sudden Enlargeihcne 

<^/D-Vi 


P-50 


20 


blOO 


18 


16 


14 


30 


20 


HIO t 


PlO 


Ordinary Entrance 


Sudden Contraction 

— ‘‘/d-14 


45* Elbow 


^ 1 


1 3F5- 


F-i 


1 


PO.2 


^0.1 


-3 


1 


>-0.5 


RESISTANCE OF VALVES AND FITTINGS TO FLOW OF FLUIDS 


NOTE'. Head hss through check va/ves varies 
Consult manufacturer ror correct vatues^ 

^rorry Crane Co, C<=rlafoj No- 4/. 


with types manufactured. 
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WATER DISTRIBUTION- CAST IRON PIPE 


TABLE A - 


AMERICAN WATER WORKS ASSOCIATION STANDARD 

CAST IRON PIPE? 


NOMINAL 1 CLAS 3 X 100 FOOT HEAD 
INSIDC 843 POUNDS PRESSURE 


IN inches 

3 


fTHlCKNESS 
IN 1 NCHL 5 


:.3 9 


0.42 


0.44 


& 


10 


12 


l4 


IS 


20 


30 


42" 


MO- 


0, 50 


0.54 


0.57 


0.60 


0.64 


0.61 


0.16 


0,88 


0.93 


J.IO 


APPROX. WT. 
PER FT. IN LBS. 


CLASS’S* 200 FOOT HEAD 
56 POUNDS PRESSURE 


THICKNESS 
)N INCHES 


14,5 


0.42 


20.0 


0.45 


30.8 


0.48 


4 2.9 


0.51 


57.1 


0.57 


71.5 


0.6 Z 


83.6 


0.66 


108.3 


0.10 


129.2 


150.0 


204.2 


231.1 


391.1 


51 Z.5 


0.15 


0.80 


0.63 


1.03 


1.28 


APPROX. WT 
PER FT. IN LSS. 


I6.Z 


2 1.7 


3 3.3 


4 7.5 


63.6 


82.1 


102.5 


J25.0 


150.0 


175.0 


253.3 


333.3 


454.2 


5Sf.7 


C LASS 'C" 300 FOOT HEAD 
130 POUNDS PRESSURE 


THICKNESS 
IN INCHES. 


0.45 


0.48 


0.51 


0.56 


0.62 


0.66 


0.74 


0.80 


0.87 


0.92 


1.04 


1. 20 


1.36 


L54 


i ' I ~ ~ , A , ■ 

Wafer Hammer of ordinary inrensifg alloujed for /h fhe oboue Tobies* 


APPROX. WT 
PER FT IN UBS 


CLASS D 400F00THEAD 
173 POUNDS PRESSURE 


THICKNESS 
IN INCHES 


0.46 


23.3 


35.8 


0.52 


0.55 


52.1 


0.60 


70.8 


0.68 


9 1.7 


11 ( 6.1 


143.3 


175.0 


208.5 


279.2 


400.0 


54 5 £ 


716.1 


0.15 


0.3 Z 


0.5 9 


0.96 


1.03 


hi 6 


LSI 


1.56 


L78 


APPROX. WT 
PERFT.lNLbS. 


fS.O 


25.0 


3 8.3 


55.8 


76.7 


10 0.0 


129.2 


158.3 


191.7 


229.2 


306.1 


450.0 


625.0 


82 5.0 

iSoFIfngTK 


TABLE & • 


NOMINAL 
INSIDE 

OlAMETIRl THICKNESS 


FEDERAL SPECIFICATIONS 

w 


IN INCHES 


lOO^CLAiSS 
OR MAX. WORKING PRESSURE] 


IN INCHES 


APPROX. WT 
PER ft IN LBS. 


8 


10 


100 ^/oss - fVe/pyh/s for 

Class 3 fiff/nps. 
/ 50 l 200 250 ""C /asses - 

Weighf-S for C/osS 

O /y/f/nQS. 


ISC’** CLASS*** 

OR MAX. WORKING PRESSURE 


THICKNESS 
IN INCHES 


APPROX.WT. 
PER FT IN LBS. I 


0.35 


0.34 


0.37 


0.42 


0.47 


12 


14 


16 


18 


20 


24 


0.48 


0.52 


0.56 


0.58 


0.64 


0.50 


74.9 


0.55 


92. ! 


0.60 


/! 1.4 


0.65 


/ 29.0 


0.63 


/C93 


0.76 


12.5 


WW-P - 42 1 STAN DARD. 

200^ CLASS** 

OR MAX.WORKING PRESSURE 


THICKNESS 
IN INCHES. 


16 ./ 


2 5.7 


38.6 


0.46 


52.2 


0.52 


G 6.! 


0.57 


86.9 


0.62 


loa.i 


0.68 


130.4 


0.14 


15 2.0 


0.78 


202.9 


0.38 


APPROX WT. 
PER FT IN LBS. 


ORMAX WORXING PRESSURE 


THICKNESS 
IN INCHES 


0.36 


0.38 


41.6 


0.43 


0.50 


57.2 


0.51 


74./ 


0.62 


9 7.0 


121.6 


141.3 


173.6 


233.1 


0.69 


0.75 


0:63 


0.86 


t.OO 


APPROX. WT 
PERFT. IN LBS. 


13.6 


ISJ 


2S.7 


44.6 




81. 1 


108.0 


135.6 


164.9 


193.6 


26 2.1 


/efbai" /enaih. I 


T^BLL C - WATER HAMMER ALLOWANCE. 


D ameter Of 
Pipe ’n Inches 

Water HamnerIDiameter Of 
L e.PSRSa.lN.fPiPE In Inches 

WaterHammer 

Lb.>er5«,.1n. 

dfo /O" 

120 

24- 

65 

/ L TO l 4 

} 10 

30" 

80 

/6‘fo id" 

too 

36" 

75 

20 ” 

so 

42^to60‘‘ 

10 


r.ne Arer/can S/ondords Assocr7S£a5f4S^Sf.,J^.fCin //)elr 
monua/ /he corrpida/ion,for /he s/reng/ZiA/hic/ness ofClp/pt 
Values are Br average grids. Each designer of a 
pipe line should consider wheiher fhe conditions in his 
case may require a more liberal cuafer hammer 
oi/oajance.ror furihur information- see method 
including A Hied Chart in the Handbook of Water Control 
by 12. tfardesty M.fg. Co.- Denver, Colo. 

'^ara from Hondbookof Cost Iron Pipe by Cl ResearchAssn. 
^Oato from American Cast Iron/i^ipeCo. 

* Do fa from federo/SpecificatiOns • WW' P '4 2h 


TAlBLE D- approximate aUANTlTIES OF MATERIALS 


XOMIUAL 
DIAMETER 
IN IMCHE5 

H>0UN05 OF 
JOINT COMTOllffl 
2«01NT OtPTO 

POUNDS 

OF HEMP 
PER JOINT 

POUNDS or 

LEAD W JOINT 
2“ DEEP 

POUNDS OF 

LEAD IN JOINT 

POUNDS OF 

LEABINJOMT 
2/4 DEEP 

3" 

( 

0.18 

6.00 

6.50 

1.00 

1 

4' 

2.00 

0.21 

1.50 

8.00 

8.15 

6" 

3.00 

0.31 

10.25 

//.25 

IZ25 

6" 

4.00 

0.44 

13.25 

14.50 

15.15 

10" 

5.00 

0.53 

16.00 

17.50 

19.00 

IZ" 

6.00 

0.6/ 

19,00 

20.50 

22.50 

14" 

7.00 

08/ 

2 ZOO 

2400 

26.00 

JG" 

S.25 

0.94 

3 0.00 

33.00 

35.75 

18" 

9.25 

LOO 

33.30 

36.90 

40.00 

20” 

1050 

Its 

31.00 

40.50 

44.00 

24" 

13.00 

/.SO 

44.00 

48.00 

52.50 


tt Adopicd from (J S. Pipe <S County ru Oo. 


fWWSQ * /FA > 

on purify. 



WATER DISTRIBUTION 


(b-(b 9 


FITTINGS & JOINTS 


Elbow 


ReHufing 

Elbow 




KlU 


RkUiui 

Kll^w 



A + A 




Tm 



tc.-! 


Oo+ lefs 


Ou + !efs 


I- G 


L«tentl 


E''f^riiric 

H»‘duccf 



branches 


!• J TfJ - 



fD 


Rfduccr 


^hort 
HeOucin^^ 1 


S\v ir( 

Cru«i 


Short Body 

lUdudu Lfttcn] 


DIMENSIONS OF F 1 TTING 5-1 2 5 POUNDS CLA55 I I DIMENSIONS OF FITTING S- 250 POUNDS CLASS 

I I ' ! I I Short Hody 1 | 

I . M...I T..... Short Rnrlv Nomi~l I I I I I 1 I 


D E 


Short Hody 
RrJ Tci’s 

I Fiiofl 

Outirl, H J 


Slj Ut Rndy 
Lalt'ralf 


Hi . Ii t b 


1 

1 K 
Ih 

2 



3 ir 

3 >i 

4 

4h 

5 

SK 

6 

6^ 


5 

ih 

6 

tH 

7 

TH 

Sh 

9 


1 7 ‘i S J» 

2 S 6 v; 

2 9 7 

2 mim § 

3 12 9 H 


3H h4H tl 


I ». 

1 K 

2 
2 

2 M 




7>* lOK 

s n>, 

9 14 

1 16H 


4 15 12 j 

4>il7 I5K| 

5 18 14H 

17 

9H25H 20 H 


5 

3 

J 

i'i 


6 


i 1 

8 

3 h 9 

4>i It 


Nomi- 

nol 

* 

Si'ze 

Inbide 

Dtp nr\. 

1 

tH 

IK 

2 

2K 

3 

3K 

4 

5 

6 


n (• 


Short Body 
Reducing Teei 
ftnd Cructei 

Sl»e of 

')utleu “ J 


Short Body Rfd- 
Lati‘r;ilB 

Sizcol , ^ 

Br ch s L M N P 


4 

4 K 

4H 

5 

5 K 


5 

5 H 

6 

6 ^ 
7 , 


8 


2 it II 

3 II 
3 K 13 


6 

7 N. 

8 h 

iokI 


6 7 K 3 S 14 It 
6H8K4 ISKI2H 

7 9 4 ^ lA h 13H 

8 10 K S I'M «, IS 

8H n K 5 T J1 M 17 H 


2 

2 K 

2 h 

2 W 

2K 

J 

3 

3 

3 K 

4 


6 

6 H 

7 

8 
9 


12 19 7K10 24 

14 21 K 7K »3 27 

15 24 8 36K30 

I6K26K 8K39 32 


5 h 14 
6 16 

6 H 1 8 

7 19 


29 9 

34 It 
4IK 13 

49 18 

S6K 21 

64 24 


43 35 

49 >4 40 
59 49 


12 and 13 15>4 
jmaller 
!i 4 ** 14 17 

16 ” IS 19 
20 “ 18 23 

24 - 20 26 
24 •* 23 30 

32 “ 26 34 


I 8 and 26 23 I 27 >4 
tnullcr 

10 •• 28 27 I 29 H 
12 ** 32 31 >4 h 34 h 
14 39 39 0 42 


8 10 14 6 23V420K 

10 ltKI6K 7 jVH24 

12 15 19 8 13^27K 

140.D. 15 21 K 8 h J7M31 

16 - 16K 24 9 H 42 34K 

18 “ 18 26KI0 45 K37H 


7 K 18 


19 K 29 103449 40 K 8 K 20 

22 K 34 W 57^47 )4 10 24 

, 27 H 41 KI 5 30 


12 and 14 
•mailer 
14 “ IS 
16 “ 17 

20 “ 20 


ISK 18 


8 and 34 31 
•mailer 
10 •' 37 34 


2 ! m 2 


i44hl 


3 32 K 

3 36 
3 43 


20 H 25 MI 



FIG. A - AMERICAN STANDARD FLANGED FITTINGS. 



Mor 

lon^l^u<^/r 7 a/ 
Spacing w/res ~ 


Fiber fiJhJ 

/eod gaskc.f 


C i/varr? Fcrc/fFo / 
rein/brcefnen 


FIG. &-JOINT FOR PLAIN END PIPE 






-4 2 “H- 




Wtld 



Weld -J Joirjt mesh - 

Oa/y 4 ?/ 7 /ZC</ j/e^/ 

Jo// 7 f r/Ogs> 


». FOR WATER 


G.C -WELDED JOINT FOR STEEL PIPE 




So/^ 


O.f. 


\for/or 

/oop}fod/na/ 

Soec in^ W/res7 

t '■ 6 ' .'1 • / 


AP JOINT 

y-Rukier oaskef- 


Gashed 




. A* 


; 4 : :: 



\ A 


' A 






3 a/va/ 7 /zc<d ^/‘ec/_ 

Jo/nf 


^Weld 

Mor/or 


Cyf/nderl 


FI6. D- DRE5SER COUPLING. 


Use on p/a/n enc/ pipe for f/exihfa Joint's 
anc/ expons/ory jofnAs^ 


RUe>e>ER JOINT 

FIG. E-JOINT DETAILS OF t 

CONCRETE PRESSURE PI PE (LOCK JOINT). 


* Data from Hontdbocdr of /ron 

t Adopied from Lock Jaini Co, 


Pjpe by Casf /ron Aj:. 3 <=>c/a'F/or 3 
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WATER DISTRIBUTION- CEMENT- ASBESTOS PIPE 


"ABLE A - CEMENT-ASBESTOS PIPE (TRAN5ITE 


CLASS 50 CLA55100 CLA5S150 CLASS^OO 

— 

PIPE SHELL WEIGHT SHELL WEIGHT SHELL WEIGHT SHELL WEIGHT 
SIZE* THICK- PER THICK- PER THICK- PER THICK- PER 

NESS LlN-fT. NESS LIN. FT NESS LIN. FT. NESS LIN.FT. 
INCHES) [INCHES) (IbS.) (|NCHE5) (Ibs.) ^NCHES) (lbs.) (jNCHES) (lbs.) 


.33 3.6 .35 3.8 .44 4.6 .<bO (o.Q> 

.(bO 7.5 





S'/zl .33 4.2 I .35 4.4 .45 



33 4.7 .35 S.O 


45 6.0 .0,0 5.4 


4'/z .34 



35 G.2 


.36 


.37 


5.6 . 43 



.64 10.0 



.5! I 8.6 .68 II. d 


36 7.6 .38 7.8 . 55 10.7 .75 15.4 


.38 3.3 


41 


9.8 .61 14. 1 .82 19.5 



.44 15.2 .59 19.8 .85 28.0 I.IO 


.48 19.8 .68 27.6 .98 38 .G 1.24 49.6 


.52 24.8 .78 36.6 1.13 j 51.6 1.44 67.0 


.56 30.6 .88 47.0 1.25 ! 65,0 1.65 87.8 


.59 35.9 .97 58.2 1.39 81.2 1.87 II2.0 


20 ■ 63 47. 5 1.07 71,2 1.53 39.5 2.09 139.5 


24 .69 S5.5 1.25 99.3 1.82 141.5 2.48 199.0 

30 . 90 89.2 1.54 150.6 2.29 221.0 3.12 3I0X) 

36 1.09 126.3 1.83 211. 0 2.60 318.0 3.74 435.0 


*P/P£ S/Z £ is Jns/e/c c^/ome^er exCep/ sizes 4", 6 "and & " 

/n C/i73S L4^/>/c-h are^ 3.9S*,' S,B3 * erne/ ZSS 'resjOAc//\^^y ^ 

C/^SS o/*p/pe /3 ^a4r?e cy//ai4^/>/e 

/6s. per /'/7. furnJs/rec/ /n ^/roJph/ /enp/As on/o^ s/onc/aref 

/eng/6 - /3 /?. 


ABLE B-MAVIMUM SIZE OF TAPS 


SIZE OF TAPPED PIPE 


TAPPED TSSmoH tapped 

DIRECTLY LpFriAi WITH 
INTO PIPE SERVICE 

COUPLING <^LAMPS 


V4 3” /o 7 " 


S'S-up 






2 "io 5 '■ 


6'7o5'' 




6 "(^ up 


Corpora f /on 




Fie. C- MULTIPLE COR PORATIOH 




corn rryeryc^ec/ for /orge serpr/ce 


nn 


(jOx,^.s/C Q^.! 

l.TSJC.1^ COlP^ v6 4/To7T 


I f ^ LtnGTU 0* 

Lf V. v*t/Vf hlAK'**i»JtO 4/^0T^» 


■IL'-i' 


STOP-MARK 



'4 CPlG linGTm 


STARTI 


POSITIOKI. 





STOP. MARK 


<Q/n^S 




COUPLING LENGTH 
7 INCHES 


DIM A 1 B 

T-2 INCHES 

WmV/l 

T/^■3 


me^jsfsaxmm 


Finau Position. 


FIG. D - SIMPLEX COUPLING FOR TRAN5ITE PRESSURE PIPE. 


P/? /rZ/SS: 3f‘c/7^orc^ Cos/'/ron w//6 ^e//s 
of a// jo/n/s /o Trans/ /e p/pe recom men<^ed . 
Sopne s/zes of TTars/Tc P^f^ ree^a/rc over- 
6 e/T f////'ngs /o p>raizz'efe zT?/r 7 / rryum 
/Q/n/ space. S/arre/orc/ ^/ee/^ £>rass or 

f/P// 7 as a/sa r/sec/. 

f/I c/cr/o frorn 


Cos/ /ron 
ff/Zz/jg 


"Drg Jafe or hemp dr/vez/ in eYenfy ^dj/h Jroo 

^^'^"zn/rzzTic/rr? yo/z?/" S‘pac& . 
"^^^^Thazysz/e p/pc. 

^^/ccH/, /eac///e^^e/m'//^ <^^6era/ao^yazhA 


FIG.E-JOINT FQ 

/o6z 7S - A^arrv///^ i 


C.U FITTING OHTR 


ITE PIPE. 


oz7V///^ Corpozys'/Aor?^ 



































































































































WATER DISTRIBUTION 
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WOOD STAVE PIPE 


TABLE A - DOUGLAS 
F1RC0NT1NU0U5 
STAVE STEEL 
BANDED PIPE, 

INSIDE I stave I [weight 



lO 


12 


14 


I<3 


18 


20 


24 



30 



3S 


^ ' V/4 


1'/4 


1'A 


tVa 


1% 


m 


17/6 


i7i6 


1716 


172 


2 


i’/2 


2 


17a 


27a 


42 178 


276 


i7a 


27s 


278 


27z 


27a 


^76 


72 2 72 


27a 


‘ 878 


273 


3% 




48 



60 




84. 



MAX. 

HEAD 

(feet) 

WEIGHT 

PER 

UN. FT. 
(lbs.)* 

400 

4.95 

400 

6.84 

400 

S.73 

400 

11.3 

400 

13.9 

400 

16.0 

400 

18.9 

370 

21.1 

330 

25.2 

290 

28.6 

380 

39.2 

230 

35. & 

3/0 

48,3 

210 

46.1 

270 

61.1 

Ido 

S3. 5 

230 

70.7 

150 

60.8 

200 

80.4 

160 

too 

180 

IIB 

210 

124 

280 

174 

160 

140 

170 

148 

240 

207 

ISO 

172 

200 

240 


Unfrea/ec7 .5 fares ar>/^. 

: Mi/dsfeel ^ro ds 
(//A feas/Ve af/engfh 55,000 
y© 65,000 p. s. f., alfo rraSJe 

/vorAJ/y^ s/ress 75,000 p.s.i. 

Oa/c7 /cjy-/7/sAec/ /"or /?oa^/<xs 
IVoad s/ave py/*S a/sa nrtotyk 


table b - 


DOUGLAS FIP, WIRE WOUND PIPE.' 

MAXIMUM HEAD 


lOQFEET 

IN^DE shell wire I WEIGHT sheLL 
PIPE THICK- PER LIN. FT. 

Diom. MESS gage spacing NESS 

(INCHES) (INCHES) NO. (lOES) (IbS) (iNCHES) 



J/IC 


iVs 


274 


8 

1 78 

lO 

178 

12 

i7t& 

14 

i7i6 

16 

174 

}& 

174 

20 

i7i6 

24 

1716 


4 

I7/6 

6 

178 

8 

178 

10 

174 

12 

174 

14 

174 

16 

17/6 

13 

17/6 

2o 

iVs 

24 

178 



300FEET 




5.S 

tVl6 


4 / I V 

8.7 

I'/B 

11.2 

1 

176 

14.3 

i7d 

17.7 

i7i6 

21.0 

l7/6 

25.5 

174 

28.8 

174 

33.5 

1 7/6 

41.4 

i7s 


WIRE ^ WEIGHT 
PER LIN. FT. 

rArc cDArfi.r UNTREATEC 

gage spacing 

UOf IHCHES) (lbs.) 




I 78 G. 2 


17 i 6 9.6 


178 12.4 





174 15.3 


1 78 20. 4 


178 24.6 


1 7^ 9 


17/6 34.3 


' V/6 40. 5 
74 53, 6 




C.7 


7/6 10. 2. 









7f 


78 


74 


78 


74 


'//6 


7s 


li.8 


19.1 


24.1 


29.6 


36.6 


41.9 


49.5 



i7'6 


1 76 


/'/a 


l'/4 


174. 


I'A 


l7/6 


l7Ki 


l78 


178 


400 FEET 


7/6 




7l6 


7.3 


n.6 









716 15. 1 


7a 21.2 


716 27.0 


78 34.3 


9//6 41.7 


'/2 48. 7 


7/6 58 . 3 


716 74. 4 


72 64.4 


# AmerJcan Sfeel tV/rc Co. 

Mex/y^j/T} s/eeJ s^ecJa/ P//>e iv/ho^/h^ w/r^^ heavi/y ya/vao/zisc/^ 
u/ff/naye /erf^/fe STrer^y^h SS,000 /e? 68,000 p.s./., qHoia/o hie 
i/vorA:/ny ^/re^s ^18,00 0 p.s./\ 

P/pe manc/^ac/c/re^ /n /eny/hs , 20^, 

GOATS^ p/pe /s p>rov/afe<^ svZ/A exyer/ar 
CpO'/'//Jp of as^ha/yc/rn* pvAe/^ /ry/e/r/ytz/ 

/s aven 20p.s./, p/rys/zcZ/r/y ca/ysy/zny y^ayer ^a/^arcfy/<yr7 
fo-r pr^serycz//cy/y, cmcy /or cfo/ioesy/a pyoy^r J/ass y/here 
creosoy^c/ pipe, /lyoy be ohJeoy/or/oS/o^ 

OPfOSO 7"^ yP /ncrc/c /rom s/ayes press cze //'eo/ea^ 

forefa/n mintrnum of S/hs * creosoy^ o/J per Cab/c fooy 

Lfsec/ for /ozy pressure p/pe /fnes^ 


r 


'p^ b</ ^eo^a/ P/pe TSnJc Co., S^aMc , fVo^ 

/?cr77/49cyz, spruoe. ue//<ypypzr7o. coprexr orro^ 






















































































































































6-72 


WATER D1STRI5UTION-WOOD STAVE PIPE DETAILS 



CAST IRON WOOD PIPE FlTTlNfi 


WELDED STEEL WOOD PIPE FITTING HUBEND WELDED STEEL FITTING 


FIG. A- WIRE WOUND PIPE COUPLIMG 5 AWD FITTINGS. 



CROSS SECTION 







SIDE VIEW 



r ^ 

/ 





gelded sieef 


Round \{caufkinq 

bands ) 

Rubber iape ^askefs 
Steel angle ujelded to pipe 

Caulking bead. 




\ \ 


PET^VIL OF STAVE.STEEL BAN D 
AND MALLEA5LE IRON SHOE 


WELDED STEEL BEND WITH 
CAULKING HUB 


FIG. S- CONTINUOUS WOOD STAVE PIPE AND FITTINGS 

Details by Federal Pipe Sc Tank Co. , Deaffle, Wash. 







WATER DI 5 TRIRL JTIOM 


e-73 


5 TEEL PIPE 


STEEL PIPE DESI GN/: Toh/o /> u i 

Un^^ryvr//ers) ejrperMnce M 

^/Yh Yh/nner ^aj/s 

fro^ Mrr^u/a on Pg (S-15 ;fr-V200 /A ^ ^ TT f ® *. ^^/ckneTs COnnpui-«d 

p si Mr J-upp/^ /in ej- j i/l6 " odt^ecS for corn ^ d/sir/bof/on moinr ; fj. -- 12, OOO lb. 
a//ojA/ecy /^r J/~7 Y'£7J>/&^ os/q^ , Y?a/7^/-ryer' of arcY/nar^ //j^ensff^ 

WALL THI CK N F5 SE5 g- WEIGH TS PFR Fmr 

- iOoPsL. I PlSTRIBUriON 


PIPE 

DIAME 


lOOpsL 


150 psL. 


TE 1^ * WOBKtNG PRESS. WORKING PRESS WORKING PRP^Iu/O^fc^^l^ ^DPCcI lOO pSL. ~j 50 pSt 1 2oO PSt | 2&OPSI "" 
I NCMtSpcm«^ WEIGHT UicKMsj WT T5 .rK>.‘.[ V^T Su 1 .' PR^ tYORlfNC PgfSS. 

I PER FT. DECMAtl PER FT.IoEaMAul PEr'ft. 


33e\O.I4J 



.14/ 



B 


10 


12 


14 


IG 


fCIMAllPER PT. 


^3^ a 141 


6.60 


H.BS 


I5.5t 


2\J5 


23.t5 


PER FT. 




WT. 
PER FT 



70 


22 


24 


2G 


23 


30 


32 


34 


36 


42 


43 


J72 


.166 


88 


68 


.188 


.168 


.168 


66 


.186 


JS6 


68 


8 


8 


.183 


83 


38.871 J88 


43.631 .218 


.218 


5/.69I .250 


.250 


.250 


76.eSl .28! 


3 



21. fS 


25.15 


27 .G 5 


.66 


35.67 


50.11 


SB. 37 


68.73 


74.09 


3 


9 


/ 0/.20 


119.10 


68 


.218 


. 2!8 


.250 


.250 


.281 


.313 


.313 


il.SS 


15,52 


2145 


25.15 


188 


. 2)8 


.250 


*40\ .250 


32.73 


Sa.07\ .3)3 


.188 


ll.SSl .25 


5 


25.15 




2.0S 



72.38 



77.26\ .344 


.375 


.250 


.313 


in. 47 


159. 15 




99J38 


110.30 


/ 34 . 67 I > 433 
375 J 42 .G 8 


38 I /54.20I .500 



ltO.63 


118.64 


147.65 


157.00 


106. 16 


.250 


.250 


.25 


.25 


.250 


.3/3 


.3/3 


.3/3 


47.39 


SB.01 


.250 


.250 


.250 


.250 


.3/3 


.513 


8.63 


17.01 


22.56\ .250 


28.03 


33,37 


42.05 


.230 


.281 


.313 


/7.0Z 


28.03 


3337 


4i.20 


.168 


.250 


.250 


.250 


.281 


3.36 


8.83 


17.01 


22.36 


28.03 


31.45 


52.40 


8 


105.93 


47.391 .313 


59.231 .344 


5 1 .436 


94.26 .438 


.375 no.ei .500 


59.03 


72.11 


.313 45.68 


57.52 


.375 


.438 


.500 


!t0.09\ .500 


9 


25 



GO 

66 

72 

84 

3 G 


.5 


.563 I32/.3. 


.313 |//2,6/| .438 


.3/3 


.373 


9. 


166.71 




147.651 .363 


137.00 .563 


.563 


.730 


221.61 




« 


250.V 


• 11^.1! * 438 278.30 .563 357*07 . 730 474,591 .500 3 /7,73 


,375 262.83 .500 349.11 
.373 286.86 .563 429.16 
.438 390.45 .625 356^ 
.500 509.97 .730 762.95 


.500 


.563 


.625 I 356.28 1 .873 
.750 474,59 1,000 


157.53 


3 


201.06 


213.08 


iSSEO 


70.58 


91.40 


114.61 


9 


.563 152.95 


.563 \t64.98 


254.30 


.750 




266J4 


.730 1252.36 




j7B^ 570-72 .815 66 ^,67 .563 429 .16 .875 664.67 


l.OOQ 


00 


496 J5 1.000 566.0 S 
630. 1 S 



^ I .5C^ 1 5 09.971.750 1762.951 .875 lm.96TU0i33 1/077.821 .730 1762. 95 1 I I I I 

Olonn .2 'Ihraa^hJTore r^rrind.^ee Tcbk B b.!^ ihr .^.friai^ c/i^.p/<,r.<,i^.r y 4 -'cn^ are P 


PIPE 

diame- 

ter 


mLE B-5TEEL PIPE A.S.T.M. -A55-44- WEI6HT5 6- DIMEN5IQiK~~ 

i 3 TAK]DARD WEIgHT“PlPE I '‘EXTRA STRONG" PIPE I DOUBLE EXTRA 

SCHED ULE 30 SCHED ULE 40 SCHEDULE GO | SCHEDULE 8O STRONG" PIPE 
^ kroFPi^ ^wroFPiPE \vjfir.uT Fwp.r.u-r F' ....... 


NUMBER 

OF 


WEIGHT 


nominal diameter THREADSrH/CKNESSlk-PERFL THlCKNskPER FT. THICKN 5 , OF PIPE 


SIZES, 

INCHES INCHES 


PER 

INCH 


IN 

INCHES 


THREADED 

e^WITH 


IN 


HREADED 

^WITH 


IM 



'UP1.IN6S INCHES tOL/PL/NGS INCHES 


(t.PER FT. 
PLAIN 


WEIGHT 
ICKN5. OFPIPE 
lb. PER FI 

PLAIN 


2.373 

iiVz 

^.500 

8 

0.625 

a 

6.G2S 

a 

10 .730 

a 

12.730 

a 



0.277 


0.307 


0.330 


25.00 


33.00 


43.00 


0 . 134 

3 .GS 

0. 237 

iO .39 

0 . 280 

19. IB 

0.322 

28.8/ 

0.3G3 

4/ .13 

0.373 

30.71 



0.500 


0.500 


ENDS. I INCHES 


0.2/e 


0.337 


0.431 


0.500 


54.74 


PLAIN IH 

Enos, inches 


WEIGHT 
HICKNS.OF PIPE 
lb. PER FT. 
PLAIN 


3.02 


14.95 


28.57 


43.39 


0.436 


0.674 


0.864 


0.873 


ENDS. 


9.03 


27.54 


53.16 


72.42 




5 /ze .5 layer Yhon /e^are spec/f/eef //?e/> Qu/s/cYf c/fa^e/er. o D.,S' /hlcikfre'jj-. Thej-e r/zex crti 

fiJr/ 7 /sAeiYw/YA p/a/f7 encYr, cr/7/err oYferpi//re j-pec/f/e<Y. The i^e/pA/r / 2 ,r O.C.p/he are p/\^er:. ayamf/Gch/r- 
pubf/sheY sYone/arcYr a/YYaa^f, /Y /Y passYbYe Yo ea/iru/cyYG YYre YYieoreY/aa/ tve/pb/r f^r ar,p g}.fer7 
S/ze S- ^aYY Yh/c-Yr/ya.r.S" 0/7 YY>e baa/s /b . of sYgg/ fve/pb/bp 0.2353 /b. 

7 hb/e efo cp noY aarryp/e/e /fj^Y e^f J~/zar /era /v9<y/-7 <G". 























































































































































































































6-74 


WATtR DISTRIBUTION 


STEEL PIPE-2 


TABLE A - STEEL PIPE DATA.-^^ 


u: ^ 

O* Q 5^ 
uJ “ Ck 

o. Z w- 


£Xui 

- 

i2 2-1 

Oo- GAGE 


u> 

O OL 

Z 5 




/(::> 


!0 


12 ^ : 


/2 


/ 4 ' 


/ 6 ' 


< ^5 



_4 

_2 
! o 

,■4 

7 ? 

Zi 

/4 

7 


1 

T 

* y 

T 

■ 

771 


( 7' 

; i 


1^ 

_ 2 \ 

A. 

A 

Zi 

A. 

7 


4 J 

Aa 

"’J 

5.2 

"5.9 

5J 

5.7 
7,4 

9.7 
/Z.3 


^ n 
e. w 


'.i:' 

^TaT 

13,9 

13.0 

9.1 

12.2 

‘J-1 

203' 

d.S 

13.8 

nj ' 

2Z6 

29.4 

JAL. 

_j 56 

IS. s' 

24.5 

32.3 

: !A 

16.4 
20.B ' 

268 ' 
33.0 


I y 7 


n.! 

21.7 

25.6 

MA 

14.7 
19.6 
243 

57.1 

44.1 


tabl e B- u. 5 . STANDARD GAGES FOR. SHEET AND PLA TE STEELT+ 

‘± ‘^9'^ Number \£000000 OOOOQ ppp ~q ^ ~ |— — — T— — 

corrosion or Luater hammer. 

^Cohp5:rgpr,,5ure5 orc.n p.s.,., comp^ted ho Cc7n22f22mA Underajriiers. 

(^o'-rugi.isd Culver. Co ^ Hand Dook of fioior Control bg hh e CaH forma. 


\3 Ik 

r uJ 

ot 2i/> 

o ✓> . 
S loa 
u< 


250 

312 

433 

214 

2Q3 

375 

}S7 

234 

323 

422 

5&2 

174 

zn 

304 
331 
322 
137 
263 
337 
450 
114 
244 
3/4 
_^5_ 
~ 553 
.56 
219 
261 
315 

500 

141 

206 

265 

353 ' 
47/ 

JAL 

136 

24! 

32! 

423 ' 

111 ~ 
164 ^ 

ALL 

28! 

375 ■ 


\u 0 +- 

ip 

ip 

Q. o a. 

O-U 


60 

120 

333 

37 

14 

209 

25 
49 
140 
' 301 
144 
20 
3$ 
'77 
' 23~^ 
535 
23 
10 
152 
311 
20 
56 
120 
296 
126 
14 

40 ' 
3G 
209 
5n 
iZ 
33 
12 
■' 72 
424 

9_ 

25 

53 

!3I 

311 

6 

17 

36 

86 

209 


O^tO 

UJul 

iUi>.x 

OujO 

105? 

OC^ 


13^ 


20^ 


u.s.s. 

GAGE 


IJ 

l_2 

^ 

7 

3 

6 

l_4 

12 

~lt 


K3 O- 


/6.7 

2Z0 

28.0 

3^9 

49.7 

6/.4 
J8J 
24.5 
3 1.1 


2 * 

Ot s? • 
o;;jio 

^ l^cc 
✓) 


104 

MS 

187 

250 

333 

JTl 

94 

131 

169 


ui O uj 

fczS 

ia. 

X ^ 

IS^ 


4 

}2 

25 

60 

146 

292 

3 

8 

IS 


22 


2A 


30^ 




1 

4L0 

225 

44 

3 

554 

50C 

' 105 

0 

63.3 

3 75 

209 

14 

f9.8 

85 

2 

n 

21.0 

ns 

6 

10 

34.3 

153 

14 

1 

45.! 

205 

33 

3 

60.9 

213 

78 

0 

75.3 

341 

156 

000 

89.5 

409 

273 

00000 

103.1 

411 

443 

14 

2).8 

18 

1.81 

12 

29.5 

109 

5 1 

. . 10 

31.4 

141 

10 

7 

49.3 

181 

25 

3 

66.6 

230 

60 

0 

823 

312 

120 

000 

91.8 

375 

209 

14 

f- ^ 

21.2 

62 

99 ] 

'I 

35.5 

38 

25 1 

—A 

46.6 

nz 

5 

7 

(>2,1 

150 

13 

3 

94.0 

ZOO 

30 

0 

}03.( 

250 

60 

ooo 

122.1 

300 

105 

00000 

14 2.1 

350 

169 

0000000 

161.5 

400 

254 

14 

3^3 

52 

C.5\ 

^ fZ 

4Z5 

73 

1.4 

10 

55.8 

94 

3 

7 

74.5 

125 

7 

3 

11 3.0 

iGl 

11 

0 

!23.9 

208 

34 

000 

147.5 

250 

60 

0000a 

^ A A A aft ^ 

11 t.O 

A A 

292 

98 

- 


d;J2 

4UU5 

e^-o 

loJiJZ 
1-2*^ 

=)<2 U.S.S. 
GAGE 


^ o 2 ^ 

olz.^ 




42" 


4(9 


!? 

10 

7 

^ I 

0 

000 

00000 

0000000 

^ 12 


3= O « 

2Q-£ 

✓> < 
? < VO 


49.5 

65.1 

81.0 

1310 

143.6 

nai 

07.7 

2258 

5G5 

74TI 


il- 


4:8: 7 : 


€i. -a 
flL O D. 

^ o 


^3 flg 

80 3 

101 5 

143 II 
I 79 Z2 

214 38 

250 GO 
286 91 

55 ^ 

10 


54" 


60 


66 


12 ’ 


L). S. STANDARD 


!46 


7 

99.2 

94 

3 

3 

133.2 

1251 

7 

0 

164.6 

156 1 

M 

000 

195.6 

/dll 

25 

OOOOQ 

226.6 

219] 

40 

0000000 
' /2 

251.4 

65.0 

250\ 

49 

60 

0.4 

!o\ 

84.0 

62 

0.9 

7 

} 11.5 

33 

2.1 

il 

1606 

/// 

5 

ot 

185.4 

I39\ 

fO 

ooo\ 

220.5 

/67 

17 

oooool 

2554 

194] 

28 

Dooooool 

2902 

222] 

42 

/o\ 

93.2 

561 

o.sl 

7 

124,4 

75 

/.5J 

3 

(9ao 

!00\ 

3.7j 

o\ 

2062 

;25 

7 

ooo\ 

2454 

I5d\ 

/3 

oooool 

284.2 

/75 

20 

0000000 

323.0 

20o\ 

30 

10 

iOZA 

SI 

0,5] 

7 

136,1 

68 

/.2 

3 

201.0 

91 

2S\ 

0 

227.0 

1)4 

5 

000 

210.2 

136 

)0 

00000 

313.1 

159 

IS 

0000000 

355.9 

182 

23 

}0 

If 1.7 

47 

0.4 

7 

149.2 

62 

0.9 

3 

225.0 

83 

2.1 

0 

246.7 

104 

4.2 

000 

293.4 

125 

7 

00000 

339.3 

146 

12 


3673\ 167 (1 


10 

'Jl 


%4 


n 

T1 




M 

Vsi 


f& 

Vis 


TABLE A~ MAXIMUM HEIGH T POP ftAfKFM i ikir] IrAai r n r. 

IN PFFT FOR WFI nFn ^PANS BET WEEN 5UPP0RT5 


• IT- ^ ^ w w 

(either trench or EMBA.rMKNEN4T 

-L-u- r 1 r u. 

CONOiTiorsd'i 

Diameter 14 G aqe. 

IZGage 

10Ga<3e 

7 Gage 

3 Gage 

4" 

158 

2 98 




5" 

92 

196 




(S' 

66 

142 




T 

50 

107 





39 

64 

148 ~ 

2 93 


9' 

31 

# 

G8 

n$ 

236 


10^ 

26 

J6 

98 

195 


II" 

_ ^ 

22 

47 

82 

I&5 


12 

jm 

19 

40 

ID 

ns 

ns 

14 
^ 


30 

55 

105 

154 

/ G 


24 

42 

82 

105 

16 


19 

35 

G 6 

35 

20” 



23 

53 

• 10 

22 



23 

40 

56 

Zf 



20 

39 

50 

50” 




26 

55 

36" 




19 

24 

42 





IS 

4d' 





} A 


f'EET r U K W E L D ETP STEEL ' ptt> F 

ABOVE ^OUND. 


Diameter IGGa. 

r 

5" 


3 Qa 




T 






• * 


16.5 

21 

23 

25 

27,5 

idj 

22 

23.5 

265 

23.5 

19 

22.5 

24 

27 

29.5 

19.5 

22.5 

24.5 

275 

30 

19.5 

25 

25.5 

26 

31 

20.5 

23S 

26.5 

29 

32 

20.5 

23.5 1 

265 

29.5 

33 

21 

24 

27 [ 

30 

33.5 

2f 

24 

27.5 

30.5 

34 


24.5 

2ZJ 

30.5 

54.5 


24.5 

23 

31 

35 



26 

32 

55.5 




325 

30. 




35 

37 


31 

beam and 





Maximum alloujabie deflection ^ 2% of diameter. 
Table baaed on bottom and aide support 
obtained bij hand tom ping. 

DESIGN or WELDED STEEL PIP£ 

Iti'femdl Pressure rormula :• 

f* Thickness of pipe in inches. 

P~ Internal u'o/er pressure in p.S-i 

^■"Outside diameter of pipe in inches. 
fs-Safe ujorkmg stress in material in ps.i. 
NOTE: AHouJonce to be made in P for possible 

excess stress cousecf bu ouaier hammer. 
See TadJe C - page G -08 . 

EXPANSION IN YIELDED STEEL PI 

Tempera tore Siress Forma lar 5-'TxE%n 

S=Temperafure Stress in p.s.i. 

T= Range in temperature in degrees f 

Modulus of ela sti c it g - 30,000,000 . 

^•Coe ffici en t of expansion^ o. oooooGS^ 


Based on s tre ngth of pipe as 
resistance to crushing at supports. 
For spans beloLU heovg h ne, reinforcement 

ot supports is recommended to prevent 
crush in q. 


r 



/2 















Place two pieces of }i(f thick 
sheet packing-One fastened to 
pipe, the othec to saddle. 
P/ace thin (ager of Graphite 

Grease betoueen. 




rz. 





- AH bo / ted couplerSyDagfon or Dresser 
Luhether for expansion joints or regular 

jomts, are to be placed as cJoseIg to 
Supports as possible. 

FIQ. C- S^DDLE SUPPORT FOR 

^ WELDED STEEL PIPE. 

Expansi on joints s uch as Dayton or Dresser coupling5(seef/g.D-p.<s-€,*j)uj/th long middle 
hmgs to be provided for pipes above ground cuhere 5> safe ujorking stress of maieriaL 
Seldom required auhere continuous fiouu of ivater is maintained or ujhere pipe Hne is very 
sinuous. Temperature stress can be neglecfed m buried pipe Unes- 
THRUST AT BENDS in pipe due ho internal pressure - seeTable p.G-77. 


Data from Handbook of INoter Control , by the Ca! i forn / 


Corrugated Ca/vcrt Co. 


Q>-l(c 


WATER DISTRIBUTION - PIPE CURVATURE 


- ALLOWABLE CURVATURE OF PIPE WITH ORDINARY JOINTS. 


CAST IRON PIPE 

BELL be SPIGOT 


STEEL PIPE- FIELD WELDED 


PIPE 

SHE 


maximum D(FLECT)CN 
MFLCCTWN in 12 FOOT 
m ONE length 

».‘OlNT |lNCHtS' 


} 0. DO 


R.AOIUS 
OF CURVE 
(''EEt) 




se 


MAXIMUM 
OEFLECTIOH 
IN ONC. 
JOINlT 


•/i 


. 2^-00 



2 ZS 



^ V ^ 


ZGO 


235 


5.40 520 









4'''50 


4*^00 


3*' 30 


5 ' 00 


2 * 30 


2 •■00 


^DIOS C 

IF CURVE ( 

)H FEET) 

zo’ 

PIPE LtNCTM 

30' 

PIPE length 

L 

PIPE LENGTH 


55 

iTl 

1 

56 

145 

fS2 1 

128 

191 

255 

158 

231 

316 1 

ISI 

287 

332 

255 

382 

509 1 

281 

430 

514 1 

528 

492 

656 1 

582 

512 

164 

459 

G88 

917 

575 

865 

n 50 


CEMENT- asbestos PIPE 
TRANSITE- SIMPLEX COUPLINGS 


O TO 25 P.S.I. too TO (50 P.S.I. 


MAXIMUM [RAPmSOFCURVd MAXIMUM [RAOIUSOTCUR^ 
deflection !0' lengths deflection 10* LENGTHS 

inonijoint| (feet) inone joint (feet) 


17 


12 


33 .S 


47.8 










5" 



J* 


3' 


114 


/ /4 


/43 


ISI 


iS! 








114 


I 14 


I 14 


I 14 


I 14 


114 


I J4 


I 14 


143 


191 


f9J 


TA6LE B - DEFLECTION ANGLES OBTAINABLE FOR VICTAULIC COUPLINGS * STEEL PIPE! 



MAXIMUM OEFLlCTlOM 
IN ONE COUPLIHa 


2^- 



'40 


r- 20 ' 


r-07’ r-02' 0^-54' 0^48’ 0^-43^ 0°-36’ 


DRESSER COUP\^\\ 4 &^isf^f> 4 Jhi£'e^ef/ec/ 7 'on angle of s^fo 4 ^ obfo/nable in one coupUng^onu pipe siz 

CENTURY ASBESTOS CEMENT PIPE with CENTURY fT.EXlBLE COUPLINGS:Z?^;7^c//i7/7 

of 4*fo 6* obtainable in one coupling^ any pipe 3ize. 

Sc socket joint CAST IRON P\9Zi Approximate maximum deflection at one 

Joint- 5* 




SLE C - 


Max t mum curv 





T 


une un 

2.5 


; 25 


wood stave pipe*^ 


average con s true fion conditions. 


•50 


3.5 


75 


10 


205 


2^0 


310 


5 70 


425 



12 


<a50 



c on *0 be curved is bud f- on iangeni Ujiih moderoMu fighiened bands, fhen forced iniv 
c.jrve and bands hghrened. 




Max. opening. 


1 /s for heads op to 250 feet 
/ ** 250 -h 400feeh 

\J/d* ” over 4O0fiset. 

Tangen / ^ * opening 


Length off 
pipe section. 


FIQ.P- CURVATURE IN WIRE-WOUND WOOD STAVE PIPE 


-^fiforniA Corrua^ited Culvert Co. 
ff/e. ^ 











































































WATER DISTRIBUTION-REACTIOM.^^AT BENDS 


6*77 


P= Resulfanf= Thrust on bend 
of pipe in pounds- 

) - A- Area of pipe in square feet 


H= Head on center 
of bend in feet.—^ 


A\ 




\ 


ow 


Thrus’h block on other resistoncQ 

fo be designed. 


P-2^ 62.5HAsin^A 


Values given in table = thrust on pipe in pounds. 


INSIDE 
01AM. OP 
PIPE IN 
INCHES 


90" BEND 
= 100lH=200iH=300' 


45” BEND 


22f BEND 


I O 


4 


193 38(h 51? 104- 206 31? 53 106 IS3 

430 8G0 1230 235 470 70S 120 24-0 360 

770 1,540 2,310 416 S36 1,250 213 42G 633 


H=I00* 

H=200' H^300’ 

T 1 

H=100' H = 200' 

H=300' 

53 

706. 

759 

27 54 

87 

720 

\ 

240 

360 

67 722 

[ _ 

783 


109 216 327 


6 

7,130 

3460 

5790 

940 

7.880 

2820 

480 

960 

7,440 

24 G 

492 

738 

3 

3080 

6.760 

9240 

7670 

3340 

5,0/0 

850 

7.700 

2,550 

437 

374 

1.370 


10 4620 9.640 14.500 2,610 5,220 7,850 1.330 2.660 3.330 68? /3Q0 2.050 

— — ‘ — V 

12 6,940 13,900 20.600 3760 7.520 11,300 1,910 3.820 5.730 983 1,970 2,950 

14 9,450 18.900 28,400 5,120 10,200 15.400 2,610 5,220 7.330 /.340 2,630 4.020 

16 12,300 24 700 37.000 6,680 13,400 20,000 3.400 6.800 10.200 1.750 3.500 5.250 

18 15,600 31200 46,800 8,450 16,900 25,400 4,300 8.600 12,300 2,210 4.420 6 630 

20 19,300 38.600 5 7.900 10,400 20,800 31,200 5,330 10,700 16,000 2,730 5,460 8,130 


24 27,800 55600 83.400 75,000 30000 45,000 7,650 / 5.300 23,000 

3 0 43,400 86800 130.000 23 500 47,000 71.000 12.000 24,000 36,000 

36 62500 125,000/88.000 33800 67, GOO 701.000 77,200 34,400 St.GOO 

4 2 85,000/70.000255,000 46.000 92,000/38.000 23,500 47.000 70,500 


46 111^000^222000 333.000 60,200 120000 781,000 30,600 67.200 97,800 


54 740.000 280,000 




76,000 152.000228,000 35800 77,600 116,000 


60 773,000 346,000 519,000 94 000 788,000 282,000 48,000 96,000144 000 


66 



420.00(M30,000 



342,0m 58 000\ll6.00C\l74000 


72 \243,000 486,000\729,000 /32,000\2(400d3%,000 6 7,000134,000 201,000 


3030 7,360 11,30 


6,740 72.300 78.400 


8,850 77,700 26 GO 


72,000 24,000 36,000 


75,700 31.400 47,7 0 


a 


24.600 49,200 73,600 


29 700 59,400 89,700 


34,400 68,800 703,000 
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WATER 


DISTRIBUTION - VALVES-1 


V 





GATE VALVE * 

^ ^ p^,j o '7ce in o/pe. 

« * ' * ' 

<- SS ~ '■"'c5T Comry-ion T^i/D^. 

w-5e ->c--n C' d io, and larger. 

■ '*'r £ 5 - Double disc parallel 
5eaT D'Daslra-ed) used m 
v.'C-^er'^crhs practice Solid 

t 

'n-edoe du^ah!e\ Sp/il- 

• • • 

wedae bronxe valves 

con-^rT' vcloiile ^^(jids\ 

Dcub 'e d's: ^aper seo-^ dsed in 

■ ro^ W7.v?« '^c con-^^cl hahj- 
vola^' 'o d'uids). 


i -• r ** f 

i . f f 


f f 

^kCk 


.ooss 


_ * —c ^ 


^frc^c/r>^ 

^ L L AT ’ O N 




liv 


r *» 


:-t 



I 




GLOBE VALVE 

Locenoru - place rn pipe- 
dSE ' To confrol rale of ffouj 
of fluids.^ where operahon of 
valve is frequenl. 

Nores - If m lei and Quilel 
ends are placed ai rig hi 
angles lo each oiher. 
Valve IS Called an angle 
valve. Paris are easily reploceJ\ 



5 



'1 I 

■ 


SWING 


rT^ Locf^noN - Png place in 

I } hori^onial pipe. 

rf^ dsE ' lb per mi I flufd io 

floiv /n only one d/recHon 
/'"-d doTES - Swing check Valve 

has comporaiively 
Ihe leasi obsiruchi'on 
fo flow of oH check valves. 
Valve should always be 
sei horizon ia fly . 

— Ornen Trees - Backwahr valve. 

. — — "'D Puion^o-hc flap gaie. 

I Puiomahc ride gaie. 

CHECK VALVE 






altitude control valve i 

Location - In mlei pipes la dizirl- 

buhon reservoir elevoied ianks 
and siand pipes. 

LI Use - To s^op ^low when wafer in tank. 

■ ^ reaches a presei level and lei waier 

V/ATER P RE 5 SUPE PEOUCING VALVE 'f' ’H ^9^’^ when level goes down. 

o'-? .O o,pe i— C./lusfra+ed) 

-r ^ j , 'aUo'jJs ffouj onlu mio reservoir\ 

^ '^sfa//oiion, Page G II-Fig.A 

7 /' , ore^.sure agams^ Double acfing fallows flow bofhways 

pcd trsfoUed some as pressure redoangvolv^ 




[ io.QE^rioN - dny p/ace in pipe. 

7 ~'Tn dse -Lifi check valve usually 
V — I j has mosi posih've closure. 

Jk ffllus.) f/nlei end on 

^ bofiom and oaf lei end on iop). 

^ HoriipniatCihlei and ouf lei ends 

d sei in horiz^oniol plane). 

~\l n i^ngle Oh lei end on bofiom and 

^ J ouiiei end on side), fooi valve 

(verf/coJIlfi check wifh sz.reer), 
^ doTE - dever use ihese valves 
-| ^^1 p_L_r ai pressures and iempera- 

\ iures enceediriy fheir 

I I rnox / munn railngs. 

LIFT CHECK VALVE 




LocrTion - Bofiom of 
sumps, sefiling basins^ 
channelways eic. 

Use - To drain or 
bfouj off. 




PLUG DRMN VALVE +t 






corn an. ‘=^ 


+ C-0-r>. 


7 ^"" Ludlow Valve Mfg. Co. From Jen 

JO. aen- Pederson Va've Specia/iy Co. ^fFrom Eddy Valve Co. 

T'f'f ^rom Hardesty Pivis/on, fKrmco Drainage ond Meta! Products. Inc. 


AUTOMATIC FLAP GATE W 

LpcFTiON - End of pfpa lines. 

U3E - Bee swing check valve above. 

-JF-KX From Jenkins Bros- 






WATER 


DISTRI5UTI0N - VALVES -? 
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SHEAR GATE ^ 

iOCRTt ON ~ Bf Qnds of ptpB fine. 
Use- To control discharge 
at /o^ pressures . 



PRESSURE RELIEF VALVE 

LocfiTioN - In the botiom of 
concrete tanks. 

Use- To prevent tank from float- 
mg when it is empty and 
there is excessive water 
pressure under and around 
the tank. 




SLIDE OR SLUICE GATES* * 

Location - Bt ends of pipe or 
channel. 

Use - To control discharge at 
relatively lom pressures. 
NotE' Gate is frequently rectangular 
m shape. 




PLUG VALVE +4 

Location - Bny place m pipe. 
Use - To control flooj of fluid. 
For lines carrying sediment. 
Notes- This valve comes m a 
variety of comhinations 
Including sfraiyhtcuay., 

^ way- 2 port (if (us.) ^ 3way- 

3/?or/, and 4-woy- Zport. 





L 





FLOAT VALV F 

Location - On supply hnes to tanks or reseryoirs- 
Us^ To control the elevation of fluid in tank or reservoir 


.jji 


3 




m 


Lei'Cr end 
F’.'o.af Ptr 
Va / V(? 


Jl 


^ fulomatic 
Poppet 

Vo^vQ 

til 


AUTOMATIC FLOAT S- POPPET AIR VALVE * 


Location - ft summits ofo/oe lines 

Use - Poppet - To aUotu am -to escape when pioe 

IS hemg f/Ued. 

Use- Float - To free pipe of air collecting under 
pressure when am is corned /n the water 
To allouj am to emf-pr steel p/pes rapidly to 
prevent the formation ofa vacuum causing 
a collapsing pressure m the event of a 
break in the steel pipe. 

Note - Genera fly diameter of valve ope is frorro 
to of diameter of mam pipe. 


n 

If 


~ 4 -Wou 


Hydrauho ^ ^ -jf . Jo 7,%,^ W' 

Cylinder ' - ' Piloi Vah/e SO/eno/d 

Control is tied m 

^Verhcol hose- « d electncoHy with pump ^ 

\ ^ J motor starter to ocen 

/ 1 Valve w.ten pump /s I 

s sior-led and o'o'ewhe^ 

' I j '~4-VVoy ei^inp starter /s Gripped 

. .pcj Poppet typ^ out. In add, ffOT^ 

' yv'/.' .--W 

: d n 1 'If^j i^nu pcuip^ Coi/u-m. 

- T- r"' ' -d^nycnia! ' 

ROTO CHECK VALVE +tt 


From Eddiy Valve Co. Frorn U<^rdepty Oiy/Sion. Armco Dr^Tnoge and MetcS^l Prod^c :nc 

From James 5 . C/otu Sons. * 1 * From R-5 Products Corp.*'*'^'*^rroni KieipO'Mu^den fne 
tt From ft men can Car ffnd Found rg Co. ttt From Morgan Smith Co- 


• 4 

Location - Fny place m pipe. 
Use - To regulate rate of 
flouu of fluid with smaller 
losses than globe valve. 






ROTO CHECK 



WATER Dl 5TR IBUTION-HYDRANI SERVICE VALVE, PITOMETER 


M L/cfronf io b& pIcycBc/ 
no'Z'z./a^ /hc/ng -5*//'eeA 

2 “ 2 h<xs£ noTz/es 


J-fgc/r'c?n/ /‘CD have h/^c^M 
an remavah/e SanreA 

Uhra' on coven 

A 







If h^dranh no/ In 
paved area, provide 
Cananc/e Co //on 

C- /. i^a/ve £>a^ 

Ga/e Vo/ve , /vf/p. s/ze GI 

TL'-'o Jef/" /o open 

Hydran/ Branch min. 
s/za G Increase size 
accarallng /o max* head 
/osp regUlremenfi 




'A 


A 










One pumper 
nozz/e. Size 

Varies occordfM 
/o hose use a 
by fire DepI* 







/n cola/ c/Ima/e, 

//ydrarsl Id have 
s//<//n^ cos lay 
/o esl/osv /or 
Can/rac/Ion Sr 


or 


porous fiJ/ 
around harre/- 



Orain 


s / cu. n 

prove A 


^ Mo bends preferred^ 

IS repaired ase ^ bends. 

Maximum h&od Joss S /bs^ he/yveen main and 

hydnon/ C 3 u//e/, 

For hydroni spacin y See Table J- Pg- G-OI & Fly. A - Pg. G-GO, 

FIG. A - HYDRANT DETAIL? 


/Removable key 


A el fer W 
on cover 


C.L Cos /Any ^ 
yvl/h 


I/a/ve /o /arn 

/ef/ /o open 


Po/e /^r ^ - 

pyhrer /o drain 


t Ccf. FA yrove/ 



Aa/ve wifh 
drain. 


&rlcjb 


FIG. B-HQU5E SERVICE 
VALVE BOX. 



FOR 


£ee Hy drain I Mancj 

from A/orhhrcDp (To 


m 


Iri 


WATER 


distribution 
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METERS - 1 


SERViCEMETERS 


. ^CONNECTIONS) 

Utnafh ot , ,1 Me fe r 


Ta.,! 

Piece 

See No-te 


» H 


l^ee Note 

\^} Beiouj 



DI5H> DISPLACEMLSJT TYPE METCR * 

TA&LL A- COLD WATLR ME.TCR5 
DISPLACEIMLNT TYPE AWWi SPFr.s** 


CC , 
u) ui 

H H 

lU - 


lit 

Jpi 

lA ^ iH < 


? ^ p 

- iA < 
y in ^ 
< o X 
^ -j 


normal 


meter 

LENGTH 


O X 

^u. S 

§ o ^ 
“of t £ 

c- r. h 


Plow 


f H 


fO ft) 

IMCHE5 G- P. M 


O') C4) 

L6S.PW 


O) 


Screw flange t ^ J 

EM os ENDS § I ^ 

(s') To (&) 


Sft INCH O P. M. INCHES INCHES YEARS 






20 fS 


30 IS 


SO IB 




I i-o 20 


2 ^30 


3 SO 


fOl 


too ZO fi Sfo/OO 





!Q>0 


300 


£00 




8 /o /GO 


/G fo 300 


26 /o SOO 



1000 70 (2 48hf000 


NOTES p 

I. Coupffng ■/■ai'f p/ec^ /eng^hs- 5/ze* -- ?i'' 

r stie ^-7%;' fong. 

2^ Accuracy of regis^r^ai-ion shou/d he 
~ t*S°/o y/vhen fes/ed v^i/hin /he ftmi/s 
IisZ-ed /n cot umn ( Normal Tes/ F/ow) 
wi/h wafer hav/ng a fern peraf-u re less 
fhan 80°F. Tesfed af Mm imum Tesf F/qy^ 
Cco/umn mefer shall nof record /ess 

fhan 33 % of fhe acfual flow fhrough if. 

'3. The capacif/'es of fhe mefers g/'ven 

m CO / umn ^7 are fhe maximum rafes 
of flow of which wafer shou/d he 
passed fhrough mefers for shorf periods 
of f ime or fhe peak foods which shoufd\ 
come upon mefers ortfg af long infer\/ois. 
For confinuous 24-~ hour serv/ce^ 
me fens of fhe disp/acemenf fype 
should nof he ope r a fed on f/ows 
greofer fhan one • ft’ffh fs) of fhe 
copaci fy of fhe mefer. 


main line MFTFRR 

(velocity type ) 

TYPES OF METERS COMMniMiY USED 


(dz)- T/yroaf 
dtamefer^ 

tdofr) 

3^C hon 


r 


h • Head 

y dif/^renfta / 


Loss of 
Head 


Thr-oaf 

Sechon 


( ^e'“sch e! ) 

FIG. b-STANOARD VENTURI SECTION*** 


Note; - Occasionaf/y 
o special shorf 

Venfuri fube (sd) 
is used. 

(df)^ln/ef di'omefer 


h : Head 
; differenfial. 

.-(do) Throof dfome'^er. 


FIG. C -FLOW NOZZLE.' 




h -Head - — ■ — 

I diffef^enf/ai. 


(di):Throaf 

diamefer, 


Loss of 
Head 





(dz) -0r,r,de / ^ li ^ 
opening. LJ U 

FIG. D-FUT PLATE ORI FICE - FL^MGE TYPE.****" 


Recording device geared fo regisfer 
^fasfer farmng mefer. 

Vi ^ Small f/ow mefer. 





Main linej 
mefer 



Main Flowj^ 
channel 


Va/ve Confrols flow fhru mefer^ 

FfG E-COMPOUMD METER . * 


dole For FU Mefers - If is genera I Ig beffer fo 
selecf Q slighfly undersized mefer rafher than one sHgh/b 
oversized as beifer accuracy wit! usually be ob famed . 


^ f^dapfed from Frr:s>ey Mfg.Ca. frorv F.Hi. SpArhne; BuHef/r? 307 j^4.^ 

From American Wafer Works ffssociafion lenfafive Sfoecificafions 1 M'l -T Wov. 1 3d-!. 
^"^^From Wafer Works and Sewerage , dune iB4-3,*' Selection of Meun L/nc Metarsf J.C. 
Tfjoreser?^ Buflder^ Provide nce^ /f?c.^ Pror. P. /. 
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WATER 


DISTRIBUTION 


METERS 


2 


u 

Oirrc(*tHT I AL 


»ATC or ^LO«' 




m 

INDCK LINC 


PAPlO OtTCR WINATlO« OP FLOW '0 

*a.^ RATC$,0*PF£^»eNTl4L$. VtNTuRl TmROAT 

AHO ORiFiCE OiAM£t£RS FOB *4T£fl I c;»0 

AT iO^P r.tco 

txoc 


AHO ORiFiCE OiAM£t£RS FOB *AT£fl 
AT iO^P 


>£9Q 


k-'" 

C- •» 


IT 

RATIO 
[oofte cpp/f*,] 

• ,CT 9i«»t «( t 


r-" - 

t-** 


•*•7 


fii 


>.000 


1.000 


( JCO 


•.ooo 

\^100 


I - 

L 

L >eo 


y ♦o 
T 00 


I rw«c«f 

0i4« 

^»coo 

r *a 0 -ct 


100 


3.000. OOA 


•o.ooaooo 
tpoo^o 
ipoopoo 
f, 000 .000 
OjOOC.OOC 

3pOO.OdO 

4, 000 poo 


jpoo.ooo 

tj 00.000 


1.000.000 


(.>OOPOO 


1^.000.000 

red ' * ^ . 

TOO.OcVy^ ' “ ' 

•00.000 C \ 

A 

300.000 L > 

1.' ' \ 
400P0O 0 N. 

. ' ' H ^ 

s 

> 00.000 . - 

? — 

> >0.000 c-^ 

B 

?00.000 

0 

• 30,000 Y 


• 00.000 

%0.000 

00.000 

ro.ooo 


OOlfiCl I 

O # CB >« 0 l 
•«0>»€i I 
C OOh 


0 

1001 

A 

y 

E 

T 

t 


40 -C* «o.ooo 


> 0.000 


• OPOO 


> 0.000 


73.O0O 


10.000 


• >.000 


• 0.000 


00 


■I ■■■■ fi!iii ■■■■■■■■■■■■■■■■ ini 

■I ■■■■■■filHIlHII ■■■■■■■■■■■■ 




mm 

r”““l 

■I ■■■■ ■■■■ ■■■■ ■■■■■■■■ SHI nil 
■I iiiiiiii iiii iiniiii isii nil 

*'■■■■■■ ■■■■ iiifeSiiiiiii iiSi 

■I ■■■■■■■■ iiiK nil ■■■■ iiii ■■■■ 

■I ■■■■■■■■ iSiE gSB ■■■■ ■■■■ Bi 

■■■■■■■■■I 

8iBB:BSSB:!iSS:8S8 

■ 

■SiSHiHiSSiii 

■IllllllSSillliill 

!::: E=3c:ar=i::=e!s« r- 


0 .1 


.4- 


.6 


FIG. A- FLOW RATES 6- DIFFERENTIMS FOR 
STANDARD VENTURI THROAT S' ORIFICE DIAMETERS* 


RATIO THROAT DIA./ INLET DIA. 

FIG. 5- HEAD LOSS IN STANDARD 
VENTURI TU5E AMD ORIFICE. 


EXRMPLE OE THE USE OF FIGURES A ^ B . 


Given - Infef‘ dfameier -c/f = 10.00 inches. 

Throai diamefer or orifice opening -d2'4.,00 inches, 
Rofe of fiovj - iyOOOyOOO go/fons per day C^,P.O.), 
Required- f. Head differenHaf-h beiw. inlei and ihrooi when 

O. - Siondard Veniuri iube is used. 

b - Orifice is used , 

2. Loss of head in each case. 

E^omple-Roho of ibroai dia. or orifice opening io infei dia.^^pOA. 

In Fig. A sel siraighi edge ai 4.00 inches in coL I and 0.4 

in Co!. IT and mark inierseciions w/>A Cof.HI Chines land la), 

^el siraighi edge ai inierseciions on coIJH and 
lyOOO^OOO Q.RO. Co! TT (Hnes 2 and 2a) and read differeniiafs an ml. TV 
of S7 inches lor Veniuri iube and ISO inches for orifice. 

From ornow Hnes in Fig.dra, l/eniori iube loss=0./hS7-6.77inches. 

b. Orifice loss ~0.82^IS0-I?3 inches. 

* From Woier fVorks and Sey^erage , June /S4S, 
Oefeci/on of Zl^a//? L/ne Meiers JJ.C Thorese/?, I 

but Id cr 3 Fro vfdence, Inc. Prov. R. /, ' F 


085 
000 
075 
0 70 
0 65 


\095 

“O 0 50 

9045 
2 040 

d 

5^035 

UJ 

^050 


OlO 


ELLS. TEES ETC 


PE 


'TWO LONG PAOiO^ 
BENDS OR 9 0 , 
ELLS IN y\ 
SAH^E X \ 
PLANE fST 


PE 


TWO L-R BENDS, 
OR 90* ELLS / 
NOT IN 7 

SAME I 

PLANE / ■ 


REGULATOR valve. 
GATE VALVE OR G LOBE 

■valve used as a 

REGULATOR VALVE 

(NOT WIDE OPEN) 


! NoTB- PRIMARY ELFMENT (pe) MEANS 

INLET END OF ORIFICE, VeNTURI, ETC' 
IF THIS CONDITION CANNOT &E 

OftTAlNED IT IS AOVtSA&LE TO - 

PLACE STRAIGHTENING VANES 
IN FRONT OF ORIFICE. , 

I I ' I I I I I 

5 10 15 20 25 30 35 4 

REQUIRED length Of STRAIGHT SECTION AHEAD Of 
PRIMARY ELEMENT (PEI -NUMBER OF PIPE DIAMETERS 


METER LOCATION 

From Sf^Hey Meier Co. Bu fleiin 30! A 


CAP^CITIE5 OF VENTURI TUBES 




Ilf Tubr 
tnch«« 


4 IacH 


W:v-- 

trj 


5' 0V)ti' 


6 ‘- 


< In (; 

M ■ t imiim 

.Vl.omi 

HV.INMI 
27(Mkh) 
-iVvlK)li 
M'MNhi 

HIII.UIMI 
I.12().0(K) 

TKJ.UMi 
I.UH. oia) 

2..t.Ut.(Rlll 

i.mviNKt 

i.lVK.IMI 
4.4WIA1UU 
6.IV\U(K) 

♦^.so.uuo 

S.H2U.(I00 
TA'il.UJU 

.vi27,oon 
4^<S.(«X» 
S.6KS.(N)0 

h;NS.uu) 

4^,I)U0 


»r»* por I lay 
Imijm 


-f T«iU 

I AC 


1'^AKlh 
^ 4 Inch* 

? - 2 '.' 


h-. 2' • 


C SEE EtG. b ON PAGE G-fll). 


^ Mparlty In i'*n 
M Ak in>vjm 


i«i 




A* iH-r 

M inlrT>uro 


V) » l .^ 


« v< 


6 loll,.,’ 

Mjno.ooo 


lo.OtO.(HN) 

It V’,.r 

'•.Mo.ooi) 

■<- 

lO.fRMMRRj 

•f l. 

I2.7w>.00ii 

sW- 

IT.V.tlt.lNH^ 

7 

21..S)«I.I|II0 

1.1- ni,„’ 

I2.-'vSij.(mi 

II - r%i,- 

20.000,000 

Ur «.„■ 

21,6()0.()0U 

V- - IP,’ 

•Vl.OOO.OOO 

1‘. - l »,' 

|9.74R).1RIU 

l.t ?s..' 

20.7.S0.0UO 

12'. 

36.uoo.ua» 

n 

45.000.000 

]6- • O',* 

4‘<.2l«).llOO 

l.V M,„' 

4.1.JU0.0U0 

14- 6* 

.S2.42UJUOO 

20' 2',’ 

.\s.ooo.ooo 

IH' 2* 

si.ouii.ono 

16- I”,.,- 

72.000,UN> 

21 10* 

50.500.000 

IM . VS..' 

K2.uuo.a)o 

IS'. 3\* 

)44.<NIO.OOU 

2V. 6>„- 

.io;2un.uiio 

22- • S»,- 

Ho.uai.ooo 

isr . 5* 

II^.VapMMl 


WJ.(NH) 

V>|.00<* 
2Hii.iiun 
1 1’v.UXJ 
VWS.tlOU 
HI»2,000 
2?7.Ui)(» 

vw,uw> 

fvW.Ott) 
«%,()( lU 
t.24«.0(X) 
h27,0W 
I .OIJO.OOO 
I 230.00U 
l.VKi.uun 
VU'i.OOO 
1.440.000 
LflOO.OUU 
i-U’So.oou 
i.yNi.ouo 
2.I6.S.()0I1 
2.621.001) 

1. TVl.OOO 

2, <;50.000 
42)00.000 

22100.000 

4.100.000 

7.2110.000 

2.510.000 
4.000.000 
V97S.<100 


NOTES:- 

I- The Table To The /e/7 /5 a 
parTlol ^ IrsT of STanc/arcf 
VenTur/ Tubes made h 
ihe Simplex l/a!ye 4 Me'fer Co. 
These meier si^es and others 
Can be furnishecf by von'ous 
m an u Tac hurers. 

Z The lengths given in hhe 
fabte are Cbr fubes having 
be!f or f/anged ends. For 
spt'goi ends approx. G'Vo/?" 
has ho be added. 

The Ttouj range frahio oT 
Tnaxt murn capacf Ty T^ 
m/n/rnurr) copacrTpJ of 

Simplex rneTers rs 20 :/. 
OThen manufacTurers 
make VenTunr Tubes TTtcT 
have ffouj ranges of 
10:/ and fS'L 
't* ? IS diameber of main ptpe 
/5 d/ameler of ThroaT, 


CAPACITIES 


COMPOUND METERS Csee fig. e on pages si) 


St^E 

INCHES 

NOR NIRL 

RRNQE 

GRLS. PER MiNUra 

OVERALL LEt/GTH 

INCttEG 

FLRNGED ENDS 

OVERALL length 

tNCNES 

BELL 4 smor ENDS 

c, - 2 -1- *1- 

13^300 

S2 

57 

S - 3 

30- 1200 

58 

c c ^ I 

10-5 

30-1500 

&8 

7 1 

12- 4 

4S-2000 

70^ 

79 I 

14-4- 

45-2500 

3G 

103 

/(S- 4 

45- 3500 

102 

t I 0^ 

16- £ 

ys-asoo 

/ / 4 

/ 22 1 

70-S 

13-3300 

170 

/ 28^ 

74 - G 

30-8000 

137 

/ 40^ 1 

0 

1 

1 

too- t 2000 

133 

t48^ 

3G> - /O 

/ 25- r&ooo 

/ 7 / 

t sok 1 


NOTES- - 

1. The Table To The lefT is 
! isT of The compound 
m e Ters menu fac Tured 
by R. V. Sparling, l/arioas 
oTher Companies supply 
Compound rneTers hay/mg 
The same and differenT 

capacfTies ond Sr^^es. 

+t dromeTer of main 

pipe and large measuring 
untf and 2" is d/hmeTer 
of small measuring un/T. 


CourTesg of Simplex Valve 4 ^aTer Co. 
CourTesg of R. W. Spar/lng Co. 



INDEX 


A 

A soils, 3-03 +0 3-05 

A.A.S.H.O,, see American Associa- 
tion of State Highway Offi- 
cials 

Accelator, 6-37 

Acceleration lanes, 3-65 to 3-69 

A.C.I., see American Concrete Insti- 
tute 

Acidity, drinking water, 6—18 
sewage, tests. 5-74. 5-75 

Acres, conversion factors, 1-20 

Activated sludge. 5-53 to 5-55 
analyses at plants, 5-70 
dilution of effluent, 5-40 
efficiencies of plants, 5-40 
flow diagram, 5—41 
sludge beds for, 5-56 

Administration building, airports 
4-36 

Adverse grades, roads, 3-59 

Aeolian soils, 3-02 

Aeration, of activated sludge, 5-53 
to 5-55 

Aerocrete, weight of, 1-07 

Aggregate, In bituminous mixes. 3-76, 

3- 77 

in concrete mixes, 1-28 
moisture in, 3-13 
sieve analysis of. 3-16 

Air, compressors, 5-54 
filtration, 5-54 
flow in pipes, 5-55 
pressure in tires, 3-70, 4-15 
valves for water pipes, 6-79 

Airplanes, Army, 4-16 
commercial. 4-17 

Airports, administration building, 

4- 36 

airplanes, 4-17 

approach standards, 4-13 

Army standards. 4-16, 4-20 

C.A.A. standards, 4—14, 4—15 

clear zones, 4-16 

cross sections, 4-20 

drainage, 4-32, 4-33 

facilities, 4—18 

fueling, 4-36 

lighting. 4-18, 4-34, 4-35 

master plans, 4-21 to 4-25 

numbering and marking runways, 

4-37 


Airports, pavement design 4-26 to 
4-31. 3-08 
planning. 4-10, 4-12 
runways. 4-36. 4-37 
site, selection of, 4—1 I 
soil borings, 3-09 
soils for, P.R.A, groups, 3-05 
taxiwdys, 4-18 
wind rose, 4—19 

A.I.S.C., see American Institute of 
Steel Construction 
Alder, resistance of nails in. 2-14 
Alignment, airports, 4-21 to 4-25 
cloverleafs, 3-69 
intersections. 3-65. 3-66. 3-67 

insertion of spirals into. 3-53 
roads, criteria. 3—41 

curve data. 3-46 to 3-56 
widening, 3-57. 3-58 
Alkalinity, drinking water, 6-18 
tests, sewage, 5-75 
Alluvial soils, 3-02 
Altitude valves, 6-78, 6-79 
Alum, for sewage treatment. 5—49 
for water filters. 6-34 
Aluminum, corrosion of. 4-90 
properties of. 1-05 
Aluminum sulfate, etc., for water fil- 
ters. 6-34 

American Assoc, of State Highway 
Officials, classification of 
roads. 3-41, 3-42 
design criteria. 3-41 
lane loadings. 4—50 
modified compaction test. 3-14 
motor vehicle regulations, 3-64 
sight distance. 3-60 to 3-62 
superelevation, 3-57, 3-58 
truck loadings, 4-50 
turning radius, 3-64 
widening, 3-57, 3-58 
American Concrete Institute, anchor- 
age requirements, 1-25 
bending in columns, 1-46, 1^7 
columns. 1—41 to 1-47 
flat slab, two-way, 1-30 
foundations. 2-51 to 2-55 
hooks for reinforcement, 1-39 
lateral support of beams, 1-29 
minimum reinforcement. 1-29 
moment coefficients, two-way slabs, 
1-31, 1-32 

pile caps, 2-63 to 2-67 

xi 


American Concrete Institute, spirals 
for columns, 1—4 I 

stiffness factors, continuous frames 
1-29 

stirrups. 1-38 
T-beam, 1-29 
ties for columns, I-4I 
typical details, 1-25 
unit stresses. I-OI 
waif footings, 2-5 I 
web reinforcement for beams. 1-38 
wind stress. Increase In. 1-08 
American Institute of Steel Construc- 
tion, angle struts. 1-76 to 1-79 
beams unsupported laterally, 1-70 
column stress reductions, 1-70 
columns, loads' on, 1-74, 1-75 
rivets, values of, 1-70 
turnbolts. values of, 1-70 
unfinished bolts, values of, 1-71 
unit stresses, 1-02 
welding. 1-94 to 1-97 
wind stresses, increase for, 1-08 
Amiesite mixture. 3-76 
Ammonia, test for, sewage, 5-80 
Analyses, sewage. 5-70 to 5-80 
soils, 3-12 to 3-16 
Anchorage, hook dimensions, 1-39 
of reinforcement in concrete, 1—25 
Anchors, tie-down, for airports, 4^3 I 
Angles, effective areas in tension, 

1-73 

of Internal friction, soils, 3-20 to 
3-22, 4-74 

moments of Inertia of, 1-82 to 
1-89 

properties of. 1-7 I 
of repose, soils, 3-23 
struts, double. 1-77 to t-79 
single, 1-76 

Apparatus, sewage laboratories. 5-85 
to 5-89 

water laboratories, 6—39 to 6—45 
Application temperatures, bituminous 
materials, 3-78, 3-79 
Approach, grades tor road bridges. 

3- 67 

zones for airports, 4—13 
Aprons, airports, clearances of, 4-14, 

4- 15 

Arc, definition curves. 3-46, 3-48 to 
3-51 

welding, 1-94 to 1-97 
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Arch#ry range, 4-96 
Aroa», concrete columns, 1^2 to 

1-45 

earth work volumes. 3-30 to 3-33 
formulas for. 1-16. 1-17, 3-51 
Lally columns, 1-92 
moment of inertia of. 1-81 
plywood. 2-20 

reinforcement, cinder concrete 
slabs, 1-40 

per foot of width, 1-39 
reinforcing bars, 1-39 
steel angles with holes out, f-73 
double, 1-77 to I -79 
four, 1-82 to 1-89 
steel members, 1-70, 1-71 
tires, 3-70 
welded mesh. 1-39 
welds, effective, 1-94 
wood joists, 2-1 I 

Army standards, airports, 4-16, 4-20 
Arsenic, in drinking water. 6-18 
Asbestos, cement pipe, 5-21. 6-70 
6-76 

coefficient for, 5-26. 6-62 
shingles, siding, weight of. 1-07 
Ash, stresses for, 1-03 
Ashlar, masonry. 1-13 
Aspen, resistance of nails In. 2-14 
Asphalt, mixes. 3-76, 3-77 
pavements, 3-70 to 3-79 
sand. 3^3. 3-75 to 3-79 
sheet. 3-44, 3-75 to 3-79 
soil stabilization, 3-19 
tennis courts. 4-95 
use of. roads. 3-79 
weight of, 1-07 

Asphalt InstHute, pavement design, 
3-74 

Athletic fields, 4-95 to 4-97 
Atmospheres, conversion factors 

1-20 

Atterberg limit, of soils, P. R. A.. 3-03 
tests for, 3-12 

Auger borings, 3-09. 3-10 
Automobiles, see Motor vehicles 
Axial loads, angle struts, 1-76 to 1-79 
concrete columns. 1-42 to 1-46 
Lally columns. 1-92 
steel columns. 1-74. 1-75 
stud partitions, 2-12 

B 

B. coli, in drinking water, 6-19 
treatment required, 6-30 
in sewage, test for, 5-79 
Bacteria, in drinking water, 6-19 
removal, rapid sand filters. 6-34 


Bacteria, removal, slow sand filters 
6-32 

treatment for. 6-30. 6-31 

Badminton courts, 4-95 
Ballast, railroad. 4—02 
Banking, road curves. 3-57, 3-58 
Banks, see Embankments 
Bar joist. 1-93 

screens, for sewage treatment 

5-i(. 5-43 
spacers, 1-25 

Barrels, conversion factors. 1-20 
Barrier curbs, 3-68 
Base, drains, airports, 4-33 
roads. 5-06. 5-07 
functions of. 3-7 1 
liquid limit values for. 3-12 
materials for. 4-30 
performance. P. R. A. groups. 3-04 

plasticity index for. 3-12 

plates, for heavy timber construc- 
tion, 2-13 
Lally columns, 1-92 
slow-burning mill construction 

2-1 1 

steel columns. 1-90 
welded. 1-97 

for typical road sections. 3^3 to 

3-44 

Baseball field, 4-96 
Basement walls. 2-69 
Basketball courts, 4-95 
Basswood, resistance of nails in. 2-14 
Bazin's formula, weirs, 6—15 
Beacons, airport. 4-18. 4-34. 4-35 
Beams,* concrete, details. 1-25 
lateral support of, 1-29 
mixes for. 1-28 
moment tables. 1-34 to 1-37 
stiffness factors. 1-29 
stirrups for. 1-38 
T. ' A.C.I. requirements, 1-29 
two-way. flat slabs, 1-30 
web reinforcement for, 1-38 
widths for reinforcement. 1-39 
guard rail, 3-87 

h»avy timber construction, 2-1 I 
plywood. 2-21. 2-22 

slow-burning mill construction, 

2-1 I 

steel, connections for. 1-91 
design. 1-72 

laterally unsupported, 1-70 
open web, 1-93 
properties of. 1-70. 1-7 1 
welded connections, etc., 1-94 
to 1-97 

"T." A.C.I. requirements. 1-29 
wood. 2-11 


Bearing, see also Compression 
capacity of so*ls. 2-50, 3-04, 3-20 

3- 22 

for heavy timber construction. 2-1 1 
pirtes for steel beams end columne. 

1-90 

of soils, Cesagrende. 3-06, 3-07 
field load bearing test. 4-26 
N.Y.C. code. 2-50 
P.R.A. groups. 3-04. 3-06 

stress distribution. 3-20, 3-22 

strength of pipe. 5-20 to 5-22 
test for foundations. N. Y. C.. 2-50 
unit stresses, bridges. 4-57, 4-SB 
building materials. 1-01 to 1-05 
transmission towers, 4—65 
values, rivets and boHi. 1-71. 4-57 

4- 65 

walls. 1-14 

Bedding, of pipes. S-22 
Beech, loads on bolts in 2- IS 
resistance of nails in. 2-14 
stresses for. 1-03 
timber connectors in. 2-16 
Bending, see also Eleiure 

equivalent loads, concrete columne, 
1-46. 1-47 

steel columns. 1-74, 1-75 
moments, concrete boems. 1-34 to 
1-37 

fixed end. I-IO, l-l I 
flat slab, 1-30 
two-way slabs. 1-30. 1-31 
plywood, 2-2 1 
welded joints in. 1-95. 1-96 
wood joists, safe loads In. 2-1 1 
Bends, reaction at. water pipe, 6-77 
Biochemical oxygen demand, 

5-70 

chemical treatment plants. S-49 
loading on filters. 5-52 
of receiving waters. S— 60 
of sewage, S-40 
tests for, 5-78. 5-79 
Birch, loads on bolts in, 2- 1 5 
resistance of nails in, 2-14 
stresses for. 1-03 
timber connectors. 2-16 
Bftt, mooring. 4-B4 
Bituminous, concrete, 3-75 to 3-79 
material, use of. 3-78. 3—79 
mixtures. 3-76. 3-77 
pavement design, airports. 4-29, 
4-30 

roads. 3-70 to 3-79 
types of 3—43. 3-44. 3-75 
pipe joint. S-34. 5-35 
sections. 3-43, 3-44 
stabilization of soils. 3-19 
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Bitummous, surface treatment, mate- 
rials for, 3-78, 3-79 
Block, concrete, weight of, 1-07 
bearing values, (-05 
for dry wells. 4-33 
pavement, 3—44 
walls, thickness of, 1-14 
Bluestone, bearing values. 1-05 
curbs. 3-92 
weight, 1-07 

Board feef, conversion factors. 1-20 
Boccie court, 4—95 

B.O.D., see Biochemical oxygen de- 
mand 

Bolts, unit stresses of, 1-02 4-57 
4-65 

values In steel, 1-70. 1-71 
values In wood, 2-15 to 2-17 
Bond, In brick masonry, 1 — 12 
in stone masonry, l-| 3 
unit stresses, concrete, 1-01, 1-25 
Book tile, weight of, 1-07 
Borings, in soils. 3-09 to 3-11 
Borrow, shrinkage of, 3-24 
Boundary lights, airports, 4-18 4-34 

4-35 

Boxing ring, 4-96 

Brass pipe, coefficients for. 5-26 
6-62 

Brick, bearing values, 1-05 
bonds. 1-12 
cavity walls, 1-12 
flashing, 1-12 
joints, f-12 
properties of, 1-05 
thickness for fire resistance, I-I8 
walls, thickness of. 1-14 
Bridges, borings for, 3-09 
centrifugal forces on, 4-51. 4-52 
clearance, railroads, 4-02 
roads, 3-67, 3-68 
details. 4-56 

distribution of live loads, 4—53 to 

4-55 

expansion joints, 4-56 
flue blast protection, 4—56 
at Intersections. 3-67 to 3-69 

lane loading, 4-50 

live loads. 4-50 to 4-52 
moment and shear tables, 4-56 
roads, minimum widths. 3-41, 3-67, 

3-68 

scuppers, 4—56 
superelevation. 4-56 

truck loading, 4-50 

unit stresses, 4-57, 4-58 
Bridging, wood, 2—12 
Broad jump, 4-97 
B, T. U., conversion factors, 1—20 


T. U., incinerators. 5-99 
Building walls, thickness. 1-14 
Bulkhead walls, see also Docks and 
piers 

details, 4-82 
Bumper, railroad, 4-05 
Busses, see Motor vehicles 
Butt welds, 1-94 to 1-97 
Butterfly valve, 6-79 

Buttonwood, resistance of nails in 

2- 14 

c 

C.A.A., see Civil Aeronautics Ad- 
ministration 

Cable, guard rails. 3-87 
wire rope, 1-05 

Caissons, drilled in, 2-59, 2-62 
for soil tests, 3-09, 3-10 

Calcium chloride, for soil stabilization 

3- 19 

California Bearing Ratio. 3-07, 3-08 
3-73. 3-80. 4-29 
airports. 4—29 

bearing values, 3-08, 3-73, 3-80 
Casagrande values, 3-07 
determination of, 4-29 
P.R.A. soil groups, 3-08 
roads, 3-71 , 3-73 
Canals, erosion of. 5-09 
Cantilever retaining walls, 2-68 
Capacities, of ditches. 5-04, 5-05 
for drainage runoff. 5-00 to 5-05 
of sewers. 5-24 to 5-33 
of soils, bearing. 2-50. 3-20 to 

3- 22 

of subdrainage pipes, 5-06 
of water filters. 6-32 to 6-38 
of water pipes, 6-62 to 6-67 
for water supply, 6-02 to 6-05 
Capillarity, of soils, P.R.A.. 3-03 
Caps, heavy timber construction, 

2- 13 

Lally columns, 1-92 
piles. 2-63 to 2-67 
slow-burning mill construction, 2-13 
Cargo handling, docks and piers. 

4- 86, 4-87 

Cars, see Motor vehicles: Railroads 
Casagrande, liquid limit machine 

3- 12 

pavement design values. 3-08 
soil chart. 3-06. 3-07 
Cased wells, 6-07 

Cast-in-place concrete piles, 2-59 to 
2-61 

Cast iron, in bridges, unit stresses in 

4- 57 
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Cast iron, In buildings, unit stresses 
in, 1-02 

columns, fireproofing requirement 
1-18 

covers, manholes. 5-15 to 5-19 
pipe, 6-68, 6-69 
coefficient for, 5-26, b-b2 
curvature, 6-76 
properties of, 1-05 
Cast steel, unit stresses. 1-02. 4-57 
Catch basins, 5-1 6 to 5-1 9 
Cavity, reservoirs, 6-09, 6-10 
walls. I-I2 
thickness of. 1-14 
weight of, 1-05 

C.B.R., see California Bearing Ratio 
Cedar, loads on bolts in. 2-15 
resistance of nails in. 2-14 
timber connectors in, 2-16 
Ceil ings, weight of, 1-07 
Cement, in concrete mixes, 1-28 
finish, weight of, 1-07 
lime mortar, 1-05 
mortar pipe joints, 5-35 
pipe, 6-68, ^69 

coefficients for. 5-26, 6-62 
curvature of, 6-76 
plaster, fire resistance of, 1-18 
shingles, weight of. 1-07 
stabilization of soils. 3-19 
Cement-asbestos, sewer pipes, 5-21, 
5-34 

water pipes, 6-70, 6-76 
Centimeters, conversion factors, 1—20 
Centrifugal, forces on bridges. 4-51 

4-52 

pumps, 5-61 

Centrifuge moisture equivalents, soils, 
P.R.A., 3-03 

Cesspool, 5-63. 5-64. 5-66 
Chain, conversion factors, 1-20 
Channels, erosion of, 5-09 

flow of water In, 5-04. 5-05. 5-26 
to 5-3 I 

structural steel, 1-7 I 
Chapman flask, 3-1 3 
Characteristics, sewage, 5-40, 5-70 
Check, dams. 5-09 
valves, 6-78, 6-79 

Chemical, feeding device, water fil- 
ters. 6-37 

manufacturing, sewage from, 5-40 
mixing basins, water filters. 6-34. 

treatment plant, sewage. 5^9 
dilution of effluent, 5-40 
efficiency of. 5—40 
flow diagram. 5-4 1 
Cherry, loads on bolts in. 2-15 
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CK^rry. resisfanc® of nails in. 2-14 
Oiasfnut, stresses for. 1-03 
0)imn®yf, borings for, 3-09 
for incinerators. S-99 
CKIonnaHon, of sewage. 5-41 5-58. 
5-59 

of water. 6-18, 6-30 
CKk>rmafort. 5-59 
CKk>n'n®, cylinder data. 5-58 

for dnnking water. 6-18. 6-30 

for sewage treatment. 5-49. 5-58 
♦est for residual, sewage. 5-79 
OtocJts, cast iron for docks and piers, 
4-84 

CKord, for circular curves. 3—46 to 

3- 56 

definit on curves. 3—47 
Oiunk sample test, soils. 3-15 
Cinder. concrete floor slab, design, 
1-40 

f ’ siope of 3-23 
floor fill, weight of 1-07 
p'ani weight of 1-07 
Cippoletfi weir, 6-16 
Circular curves, 3-46 to 3-51 
Civil Aeronautics Administration, see 
also Airports 
s»a''dard$ 4-14. 4-15 
Clarifiers, design of 5-46. 5-47 
n flow diagrams. 5-41, 5-^2 
Ciauification. of airports. C.A.A.. 

4 - 14 

0 * rcaos 3-41 to 3-44 
c* so <s 3-01 to 3-03 
*es*s for 3-10 to 3-16 
Clay, angle of Internal friction of 

3-20 to 3-22 4-74 

cea' -g caoac ty. 2-50. 3-20 to 
3-22 

Casagrande classification 3-06' 
3-07 

co-es on of 3-20 to 3-22. 4-74 
aams 4-72 to 4-79 
g^a " size of 3-01 

■ 3e''*if cat on. Visual, by texture 

3-01 

•ou^dations 2-50. 3-20 to 3-22 

n-ec^'anxal analysis of 3-16 

store determination of. 3-13 to 

3-15 

O' gin of. 3-02 

permeability coefficients for, 3-25 
p le penetration in. 2-59 
o oe 5-21. 5-34, S-67 
tn P.R.A. groups. 3-03 

right angle soil chart. 3-02 

'n slopes and embankments 3-20 
to 3-25 

in so I n^ixtores. 3—02 


Clay, tennis courts, 4-95 
tile, bearing values of, 1-05 
thickness for fire resistance, 1-18 
weights of, 1-07 
Clear son®, Army airports, 4-16 
Clearances, airport approach zones, 
Army, 4-16, 4-20 
C.A.A.. 4-13 

et grade separations, 3-67 to 3-69 
on railroad, 4-01, 4-02 
for road bridges. 3-67, 3-68. 3-69 
runways, C.A.A., 4-13, 4-15 
Cleats, cast iron, for piers, 4-84 

aoverleefs, 3-69 

Coagulates, sewage treatment plants, 

5-49 

water filters, 6-34 
Coal, pressure on walls, 2-^9 
trestle, 4-01 

Coarse-grained soils, 3—01; see also 
Gravel and Sand 

Coefficients, California Bearing Ratio, 

3-08. 3-73, 3-80. 4-29 

deflection, steel beams. 1-70 
discharge over dams, 4-77 
drainage, rational formula, 5-01 
Kutter formula, 5-26 
linear expansion, 1-05 
Manning formula, 5-26 
McMath. 5-02 
orifice, 6-16 

pavement design, 3-08, 3-73, 

3- 80. 4-26. 4-29 
permeability, 3-24, 3-25" 
rainfall, Hazen. 6-02 ^ 
sewer pipes, 5-26 

Sheets formula, **C," 3-08, 3-80 

Talbot formula, 5-03 

two-way concrete slabs, 1-31. 1-32 

uniformity, 3—16 

variation, water supply, 6-04 

water pipes. 6-62 

Westergaard "k." 3-08, 3-80. 

4- 26 

Cofferdam, 4-73, 4-75, 4-78 
Cohesion of soils, P.R.A. groups 
3-03 

in slopes and embankments, 3-20 
to 3-22 

values for. 3-20, 3-21. 4-74 
Cohesive soils, P. R. A, groups. 3-03, 
3-05 

sampling. 3-10 
shear test. 3-20 

Collar, concrete, for pipes, 5-35 
Colluvial soils, 3-02 
Color of drinking water, 6-18 
limitation, slow sand filters, 6-32 
treatment required, 6-30 


I Columns, axial loads, concrete, 1-42 

to 1-45 

steel, 1-74, 1-75 
base plates for steel, 1-90 
! bending, in concrete. 1-46, 1-47 
in steel, 1-74, 1-75 
concrete, 1-41 to 1-47 
details of, 1-25 

mixes for, 1-28 
reinforcement details, 1-41 
stiffness factors for, 1-29 
unit stresses in, I -01, 4-58 
design, steel, red lights, 1-72 
footings for, 2-52 to 2-58, 2-63 to 
2-67 
Lally. 1-92 
spirals for, 1-41 
steel, 1-74, 1-75 
unit stresses in, 1-02, 4-57, 4-65 
ties for, 1-41 

welded connections to, 1-94 to 
1-97 

wood, unit stresses in, 1-03. 1-04 
Combined footings, 2-56 to 2-58 

Combustion chamber, incinerator, 

5-99 

Comminutor, 5-61 
in pumping station, 5-62 
Common bond, 1-12 
Compaction of soils, Casagrande 
groups, 3-06, 3-07 
P.R.A. groups, 3-04 
shrinkage due to, 3-24 
tests for, 3-14, 3-15 
Composite piles, 2-59 to 2-61 
Compound, curve, 3-46 
spiral inserted in. 3-53 
meters, 6-81 to 6-83 
Compression, see also Bearing 
concrete beams, 1-34 to 1-37 
plywood. 2-20, 2-2 1 
reinforcement, concrete beams, 

1-34 to 1-37 

strength of concrete mixes, 1-28 
unit stresses, bridges, 4-57, 4-58 
building materials, 1-0 1 to 1-05 
transmission towers, 4-65 
welded joints, 1-95, 1—96 
Concentration time, inlet, 5-00 
Concentric loads, angle struts, 1-75 
to 1-79 

concrete columns, 1-42 to 1-46 
Lally columns, 1-92 
steel columns, 1-74, 1-75 
stud partitions, 2-12 
Concrete, 1-28 to 1-47 
A.C.I. code requirements. I-OI, 
1-25, 1-29 

aerocrete, weight of, 1-07 
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Concrete, anchorage of reinforce- 

ment in. 1-25 

areas of columns, 1—42 to 1—45 

beams. A.C.I. code requirements 

1-29 

anchorage. 1-25 
details, typical, 1-25 

minimum widths for reinforce- 
ment, 1-39 
tables. 1-33 to 1-37 
block, weight of, 1-07 
compression on. (-07 

for dry wells, 4-33 
bridge floors, 4-53 to 4-55 
cinder floor slabs, 1-40 
plank, weight of, 1-07 
collar for pipes, 5-35 
columns. 1-41 to 1-47 
details. 1-25 
cradles for pipes. 5-22 

curbs. 3-86, 3-91, 3-92 
dams, check. 5-09 
gravity. 4-70. 4-71 
details, typical, 1-25 
featherweight, weight of. j-07 
fireproofing requirements. 1-18 
fixed end moments, l-IO. I-| I 

footings, cantilever, 2-58 
combined, 2-57 
pile, 2-59 to 2-67 
rectangular, 2-56 

square column. 2-52 to 2-55 
of walls. 2-51 

foundations. 2-51 to 2-58 
general notes. 1-23. 1-24 
gutters. 3-86, 3-9 (. 3-92 
for airports. 4-32. 4-33 
headwalls for culverts, 5-08 
mesh reinforcement for, 1-39 
dimensions, 1-38 
minimum reinforcement for. 1-29 
mixes. 1-28 

moments, columns. 1-46. 1-47 
flat slabs. 1-30 
fables, beams. 1-34 to 1-37 
two-way slabs. 1-31, 1-32 
negative moments at supports, 
l-IO, l-l I. 1-31 

pavements, airports. 4-26 to 4-28 
4-31 

roads, 3-80 to 3-82 
paving joints. 3-81, 3-82. 4-27 
pile caps, 2-63 to 2-67 
piles, 2-59 to 2-61 
pipe. 5-20, 5-21, 5-35 
coefficients for, 5-26, 6-62 
Porete, weight of. [-07 
properties of, 1-05 
reinforcement, see Reinforcement 


Concrete, reservoirs. 6-09, 6-10 

resisting moments of beams. 1-34 
to 1-37 

retaining walls. 2-68, 2-69 

sidewalks. 3-86, 3-92 
slab. 1-25, 1-40, 4-53 
spiral reinforcement, l- 4 | 
spread footings, 2-52 to 2-58 
stiffness factors, 1-29 
stirrups, 1-38 
T-beams. 1-29 
tennis courts. 4-95 
thickness for fire resistance, l-)8 

two-way slab design. 1-30 to 1-32 
unit stresses, in buildings, 1-0 1 
In bridges. 4-57 

compression on. plain, 1-05 
wall footings. 2-5! 

walls, retaining, 2-68. 2-69 
thickness of, J-14 

web reinforcement for beams, 1-38 

weight of, 1-07 
Connections, tally columns. 1-92 
plywood, 2-21 to 2-23 
sewer laterals. 5-34 
steel, loads on eccentric, 1—91 
welded joints, 1-94 to 1-97 
wood, 2-15 to 2-1 7 

Construction joints, for airports, 4-27 

4- 28 

for dams, 4—75 
for roads, 3-81, 3-82 
Contact, areas, of tires, 3-70 
chamber, sewage, 5-58 

landings at airports, 4-10 

approach zones for, 4-1 3 
Conversion factors, 1-20 to 1-22 
Cooper loading, 4—50 
Copper, in drinking water, 6—18 
sulfate, water purification, 6-3 I 
Copperas, for sewage treatment. 

5- t9 

Core boring, 3-09 to 3-1 I 
for dams, 3-05. 4-72, 4-79 
Corrosion, drinking water, 6-18 
galvanic action. 4-90 
steel piles, 4—85 

Corrugated, asbestos, weight of, 

1- 07 

pipe, 5-20, 5-35 
roofing, weight of, 1-07 
Cottonwood, resistance of nails In, 

2- 14 

Cover, over culverts. 5-22 
for manholes, 5-15 to 5-19 
Cradle. concrete, for pipes, 5-22 
Crane runway forces, 1-08 
Creep ratios. 4-75 
Creosote, protection with, 4-85 


Crests, for dams. 4-77 
for weirs, 6-15, 6-16 
Crib, dams. 4-73 

intakes, water supply, 6-08 
Cross sections, airports. 4-16, 4-20 
dams, 4-70 to 4-79 
docks and piers. 4-82 to 4-84 
roads, 3-42 to 3-45, 3-90, 3-91 
Crossings, railroad. 3-68, 4-04 
Crossovers, railroad, 4-03 
Crown, of airport pavement 4—15 
4-20 

parabolic ordinates, 3-93, 3-94 
roads. 3-43, 3^4 

Crushed stone, in concrete mixes 
1-28 

Cubic, conversion factors, 1-20 
Culverts, bedding of, 5-22 
headwalls for. 5-08 
lengths under roads, 3-41, 3-88 
loads on, 5-22 

pipe for, 5-20, 5-21 
runoff into, 5-00 to 5-03 
Cumulose soils, 3-02 
Curbs, 3-86. 3-91, 3-92 
barrier, 3-68 

bridge, loads on. 4-51. 4-55 
Inlets in. 5-16, 5-17 
Curtain walls, thickness of, 1-14 
Curvature, of pipes, 6-76 
Curves, arc definition. 3—46 
chord definitions, 3—47 
circular, 3-46 to 3-51 
parabolic, 3-63, 3-93, 3-94 
railroad, 3-46, 4-01 to 4-05 
rainfall. 5—00, 6—02 
road. 3-46 to 3-58. 3-63, 3-93, 

3-94 

degree of. maximum, 3—41, 

3-58 

grade compensation for, 3-59 
horizontal, maximum. 3—41, 3-58 
sight distance. 3-60 to 3-62 
vertical, 3-63 
soil, frost action, 3-1 7 
grain size, 3-16 
moisture-density, 3-14 
stabilization. 3-19 
subdrain filters, 3-1 8 
superelevation, 3-58 
transition. 3-52 to 3-56 
vertical, airports, 4-1 5. 4-16 
roads. 3-63 
widening, 3-57 
yield, water supply. 6-04 
Cypress, loads on bolts in. 2-15 
resistance of nails in. 2-14 
stresses for, 1-03 
timber connectors. 2-16 
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D 

Daily flow, of sewage. 5-23 
of water, 6-00, 5-01 . 5-12 
Dairy, characteristics of sewage from 
5-40 

Dams, see also Water supply 
boils. 4-73 
borings for. 3-09 
cofferdam, 4-73 
concrete. 4-7 1 
creep ratio of. 4-75 
crests of. 4—77 
dike. 4-73 
earth. 3-05. 4-72 
embankment, slopes, 3-20 to 

3-23 

grain size for, 4-74 
permeability, 3-24, 3-25 
soils for P.R.A. groups, 3-04 
flow nets of. 4-78. 4-79 
forces acting on. 4-70 
foundation, analysis, 3-22 
free board, 4-76 
log crib. 4-73 
outlet structures for, 4—77 
overflow of 4-77 
reverse filter, 4—76 
rockfiil. 4—76 

sections for, 4—71 to 4-73 
seepage through. 4—75 
settlement of, 4—74 
uplift pressure on. 4-70 
wave action on. 4-76 
Darcy’s law. 3-25 
Deceleration lanes, 3-65 to 3-69 
Deck tennis courts, 4-95 
Deflection, for road curves. 3-46 to 

3-56 

for steel beams. 1-70 
Degrees, conversion factors, 1-20 
of curves, roads. 3-41, 3-46 to 
3-56. 3-58 
railroads, 3—46, 4—01 
Demands, water supply, 6-00. 6-01 
Density, dry, of soils., 3-04. 3-13 to 

3-15 

of slopes and embankments, 3-20 
to 3-25 

of traffic on roads. 3-41 
Derail, railroad, 4-05 
Diffusers, activated sludge, 5-53 
Digestion of sludge, 5-56. 5-57 
Dike, earth, 4-73 

permeability, 3-24. 3-25 
Dilution requirements, sewage. 5—40, 
5-60 

Dimensions, airports. 4-14, 4-15, 4-21 
to 4-25. 4-37 


Dimensions, athletic fields. 4-95 
to 4-97 

brick masonry, I-I2 
concrete reinforcement, 1-39 
conversion factors for. 1-20 to 1-22 
curbs. 3-86. 3-91, 3-92 
ditches, 5-04 
footings, 2-52 to 2-55 
gages, 1-19 

grade separations, 3-67 to 3-69 

guard rails, 3-87 

intersections. 3-65, 3-66 

Lally columns, 1-92 

mesh, 1-39 

motor vehicles, 3-64 

pile caps. 2-62 to 2-67 

plywood, 2-20, 2-23 

railroad cars, 4-01 

railroad tracks, 4-03 

retaining walls, 2-68, 2-69 

siphons, 5-23, 5-33, 5-51 

stone joints, 1-13 

structural steel sections, 1-70, !-7l 
subdrain filters, 3-18 
walls, thickness and height, 1-14 
wood members, 2-1 I 
Directional islands, 3-66 
Discharge, dams, 4-77 
drainage ditches, 5-04, 5-05 
pipes, 5-24 to 5-33 
fire streams. 6-61 
hydrants. 6-01, 6-60, 6-61 
nozzles, fire, 6-61 
orifices. 6-16 
Parshall flume, 6-17 
pipes, sewer. 5-24 to 5-33 

water, 6-60 to 6-67 

subdrainage. 5-06 
weirs, 4-77, 6-15 to 6-17 
Discus throw, 4-97 
Disposal, of garbage and refuse, 

5-98. 5-99 

of screenings, sewage, 5-43 
Dissolved solids, test, sewage, 5—74 
Distillery, characteristics of sewage 
from, 5-40 

Distributing reservoirs, 6-09, 6-10 
Distribution of water, see Water 
Ditches, check dams for. 5-09 

discharge from. 5-05, 5-28, 5-29 
drainage. 5-04, 5-05 
erosion. 5-09 
grades for, 3-59 
Docks and Piers, cargo handling, 

4-86. 4-87 
corrosion, 4-85 
decay. 4-85 
depths of water, 4-80 
dolphins, 4-83 


Docks and Piers, erosion, 4-85 
fittings, 4-84 
live loads, 4-80 
marine borers, 4-85 
pressure of flowing water on, 4-80 
protection, 4-85 
relieving platform, 4-82 
scour, 4-85 
sea walls. 4—83 
sections of, 4-82, 4-84 
slipside docks, 4—82 
thrust against, 4-81 
wave action against, 4-80 
widths, 4-80 
Dolphins, 4—83 
Dosing siphons, 5-5 1 
Double end areas, 3-3 1 , 3-32 
Douglas fir, loads on bolts in, 2-15 
plywood, 2-20 to 2-23 
resistance of nails in, 2-14 
stresses for, 1-03 
timber connectors. 2-16 
water pipes of, 6-7 1 , 6-72 
Dowel bars, assemblies, 3-81 
In concrete pavements, 3-81, 3-82, 

4- 27 

Drain valve, 6-78 
Drainage, see also Sewers 
airports. 4—1 1 , 4—32, 4-33 
athletic fields, 4-95 
C.A.A. formula, airports, 4—32 
Casagrande groups, 3-06, 3-07 
catch basins, 5- 1 6 to 5- 1 9 
channel erosion, 5-09 
check dams. 5-09 
computations, sample, 5-23 
concentration time, 5-00 
•daily flow, 5-23 
ditch grades, 3-59 
ditches, 5-04, 5-05 
drop inlets. 5-16 to 5-19 
erosion protection, 5-09 
existing channel survey, 5-02 
filters, reverse, 4-76, 4—78, 4—79 
subdrain, 3-1 8 
flow in pipes, 5-23 to 5-33 
grades for ditches, 3-59 
headwalls, 5-08 

hydraulic elements, 5-02, 5-31, 

5- 32 

hydraulic radius, 5-02, 5-31, 5—32 
* inlets. 5-16 to 5-19 

intensity duration curves, 5-00 

Kutter formula, 5-28 

loads on pipes, 5-22 

location in streets, 3-88 

loss of head, 5-05, 5-24 to 5-30, 

5-33, b-bl 

manholes, 5-15 to 5—19, 5-23 
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Drainage, Manning formula. 5-05 
5-27 

McMath formula, 5—02 
minor losses, 5-33 

New Yoric State requirements. 5-23 
nomograph, 5-30 

one-hour rainfall. 5-00 
overland flow time, 5-00 
pipe details. 5-34, 5-35, 5-67 
flows, 5-23 to 5-33 
loads on, 5-20 to 5-22 
sizes. 5-20, 5-2 1 . 5-67 
quantity of, 5-23 
rainfall. 5-00. 6-02, 6-03 
Rational formula, 5-01 
reverse filters, 4-76. 4-78, 4-79 
runoff, 5-00 to 5-03 
Scobey chart, 5-28, 5-29 

of soils. Casagrande groups. 3-06 

3-07 

P.R,A. groups. 3-04 
subdrain filter, 3-18 
subdrainage, 5-06, 5-07 
subsurface. 5-06. 5-07 
Talbot formula, 5-03 
values of "i," 5-00 
Yarnell curves, 5-00 
Drams, conversion factors, 1-20 
Drawdown, in wells. 6-07 
Dresser couplings, 6-69, 6-76 
Drinking water, acidity of, 6-18 
color, 6-18 

limitation, slow sand filters. 6-32 
requirements for. 6-18, 6-19 

treatment required for, 6-30 
Driveway, details. 3-92 
Drop, inlets, 5-1 6 to 5-1 9 
airports, 4-32. 4-33 
manholes, 5-1 5 to 5—19 
panels, 1-30 
Dropped curb, 3-92 
Dry, density, of soils. P.R.A. groups, 
3-04. 3-13 to 3-15 
well, airports, 4-32, 4—33 
Ducts, airport lighting. 4-34, 4-35 
Dummy groove joint, 3-8 1 , 4-27 
Duration of rainfall, at airports. 4—32 
intensity curves, 5-00 
Dust palliative, roads, bituminous ma- 
terial for. 3-78. 3-79 
Dye waste, characteristics of sewage 
from, 5—40 

E 

Earth, see also Soils 
dams. 4-72 to 4-74, 4-79 
embankments, slopes, 3-20 to 3-23 
guard rails. 3-87 


Earth, pressures, on bridges. 4— 5( 
pressures, on waifs. 2-69 

Earthquakes. 1-06 

effect on dams. 4-70 

Earthwork, 3-30 to 3-34 

Eccentric, connections, Lally columns 
1-92 

riveted, safe loads on, 1-9 1 
welded. 1-95. 1-96 

loads on columns, concrete. 1-46 
1-47 

steel. 1-74. 1-75 

Effective, areas, double angles. 1-73 
welds. 1-94 

wood joists. 7-1 1 
size, determination of. 3-16 
sewage filters. 5-50 
sludge beds. 5-56 
water fitters, 6-32, 6-36 
Elastic limit, structural materials, 1-05 
Elasticity, modulus of. structural mate- 
rials, 1-05 

of soils. Casagrande. 3-06. 3-07 
P.R.A., 3-03 

Electric, railroads, loads, 4-50. 4-52 
welding. 1-94 to 1-97 
Elevated storage tanks, water, 6-1 1 
Elevator, impact from, 1-08 
Elm, loads on bolts in. 2-15 
resistance of nails in, 2-14 
stresses for. 1-03 
timber connectors. 2-1 6 
Embankments, 3-20 to 3-25 
protection of airports by, 4-32, 

4-33 

roads, 3—45 
End areas, 3-3 1 , 3-32 
End moments, fixed, l-IO, (-11 
flat slabs, 1-30 
two-way slabs, 1-31, 1-32 
Engines, railroad. 4-01 
wheel loads, 4-50 
English bond, 1-12 
Entrance loss, 6-67 
orifices. 6-16 
sewers. 5-33 
weirs, 6-15 to 6-1 7 
Equipment, soil stabilization, 3-19 
soil tests, 3-12 to 3- f 6 
Equivalent, concentric loads, concrete 
columns. 1-46, t-47 
steel columns. 1-74, 1-75 
pipe sizes, 6-64, 6-65 
Erosion, canals and ditches, 5-09 
docks and piers, 4-75 
Evaporation, from water surfaces. 6-06 
Expansion, coefficient, structural ma- 
terials, 1-05 
joints, bridges, 4-56 
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Expansion, joints, concrete pavements 
3-81, 3-82, 4-27. 4-28 
reservoirs. 6-09, 6-10 
walls, 2-68 
soils, P.R.A. , 3-03 
Casagra nde. 3-06, 3-07 
steel pipes, 6-75 

Externals, for circular curves, 3-46 to 

3-51 

for transition curves, 3-52, 3-56 

F 

Factors, of conversion, 1-20 to 1-22 
of usage, water. 6-64 
Fathoms, conversion factors, 1-20 

Featherweight concrete, weight of 
1-07 

Feet, conversion factors, 1-20, 1-21 
Ferric chloride, for sewage treatment, 

5-49 

for water filters, 6-34 
Field, density tests, 3-1 5 
load bearing test, 4-26 
moisture equivalent of soils, P.R.A. 
groups, 3-03 
Fifth roots, 5-02 
Fill, for dams, 4—72 to 4—79 
definition of. 3-02 
over pipes. 5-22 

performance of, P.R.A. groups. 
3-04 

sanitary, 5-98 
slopes of, 3-20 to 3-23 
Fillet welds, 1-94 to 1-97 
Filters, air, for activated sludge, 5-54 
dosing siphons for, 5-51 
high rate, 5-40. 5-42, 5-52, 5-56 
low rate. 5-40, 5-41. 5-52, 5-56 
Permutit, 6-38 
pressure, 6-38 
reverse, 4-76, 4-78, 4-79 
sewage, dilution of effluent from, 
5-40 

effi ciencles of, 5-40 
flow diagrams of. 5-41, 5-42 
for residences, 5-63, 5-64. 5-67 
sand. 5-50 
siphons for, 5-51 
sludge from. 5-56 
trickling, 5-52 
subdrain. 3-18 
water, pressure. 6-38 

rapid sand. 6-34 to 6-37 
slow sand. 6-32, 6-33 
Fine grain soils, 3-01; see also Silt 
and Clay 

Casagrande classification, 3—06, 

3-07 
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Fine grein soils, right-angle soil chart, 

3- 02 

slopes of, 3-20 to 3-23 
soil mixtures. 3-02 
Finishes, tor stone, 1-13 
Fir, Douglas, 1-03 

loads on bolts in, 2-15 
resistance of nails in, 2-14 
stresses for, 1-03 
timber connectors. 2-16 
weight of. I —07 

Fire, escapes, live loads on. 1-08 
flow, 6-01 , 6-60. 6-61 
hydrants. 6-01, 6-60, 6-61, 6-80 
stream and hose data. 6-61 
Fireproofing, haunch weights, steel 
beams. 1-70, 1-71 
requirements for buildings, 1-18 
Fire resistive rating, 1-18 
Firing chamber, incinerator. 5-99 
First class bedding, pipes. 5-22 
Fittings, cast Iron, 6-69 
resistance to air flow, 5-55 
resistance to water flow, 6-67 
sewer pipes, 5-34, 5-35. 5-67 
wood pipe, 6-72 
Fixed end moments, l-IO, l-l I 
flat slabs, 1-30 
two-way slabs. 1-31, 1-32 
Fixtures, water for. 6-00, 6-64 
Range fittings, cast Iron, 6-69 
Flap valve, 6-78 
Hashing, l-l 2 
Rat, base pipe, 5-32 
slabs, two-way, 1-30 
Flemish bond, l-l 2 
Rexible pavements, airports, 4-29, 

4- 30 

Asphalt Institute curves, 3-74 
C. B. R., 3-08. 3-73, 4-29 
functions of. 3-7 I 
Gray's formula. 3-74 
mixture diagrams, 3-76, 3-77 
roads, design of, 3-72 to 3-79 
sections. 3—43, 3—44 
selection factors. 3-7 1 , 3-72 
tiedown anchors for, 4—3 I 
types, 3-75 

Rexiocit rubber joint, 5-35 
Rexure, of plywood. 2-20, 2-2 I 
unit stresses, for bridges. 4-57, 
4-58 

for building materials. I— 0l to 
1-04 

for transmission towers. 4—65 

welded joints, 1-94 to 1-97 
Roat valves, 6-79 
Roors, bridges. 4-53 to 4-56 
fire resistance rating of, 1-18 


Floors, live loads on, 1-08 
reduction of, 1-09 
unit weights of, 1-07 
Flotation gradient, 4-75 
Flow, controller, water filters, 6-37, 
6-39 

in culverts, 5-24, 5-25, 5-30 
daily, sewage, 5-2 3 
water, 6-00, 6-01, 6-64 
over dams, 4—77 
Darcy's law. 5-25 
diagrams, sewage treatment 
plants, 5-41 . 5—42 
water treatment plants, 6-32, 
6-34 

In ditches. 5-04, 5-05, 5-28. 5-29 
from drainage basins, 6-03, 6-04 
fire. 6^01, 6-60, 6-61 
flat base pipe, 5-32 
Hazen-Williams formula, 6—62, 
6-63 

hydrants, 6-01, 6-60, 6-61 
hydraulic elements, 5-02, 5-31, 

5-32 

Kutter formula, 5-28 
Manning formula, 5-05, 5-27 
through meters, 6-81 to 6-83 
minor losses In sewers, 5-33 
nets, dams, 4-78, 4—79 
nomograph, sewers, 5-30 
water. 6-63 

open channel. 5-04, 5-05, 5-28. 

5- 29 

through orifices, 6—16 
overland, 5-00 
In Parshatl flume, 6—1 7 
permeability coefficient, 3-25 
pipes, sewers, 5-23 to 5-33 
water, 6-60 to 6-67 
from rainfall, 5-00 to 5-05, 6-02 
to 6-06 

of rivers, 6-03, 6-04 

Scobey chart. 5-28, 5-29 

of sewage, daily, 5-23 

siphons. 5-23, 5-33 

through soils, 3-24, 3-25 

of streams. 6-03. 6-04 

submerged, in pipes. 5-24, 5-25 

subsurface, 5-06. 5-07 

In water pipes, 6-00, 6-0 1 , 6-60 to 

6- 67 

Flue blast, protection, 4-56 
Fluorides, in drinking water, 6—18 
Football field, 4—96 
Foot-candles, for street lighting, 3—89 
Footings, see also Foundations 
cantilever, 2-58 
combined. 2-56 to 2-58 
pile. 2-63 to 2-67 


Footings, pump handles, 2-58 
rectangular columns, 2-56 
square columns, 2-52 to 2-55 
stress distribution under, 3-22 
trapezoidal combined, 2-57 
wall. 2-51 

Foot-pounds, conversion factors, 1-2 f 
Force mains, sewage, 5-23 

water, 6-1 2 

Form factor, plywood girders, 2-22 
Formulas, Asphalt Institute, 3-74 
Bazin, 6-1 5 
bearing plates, 1-90 
Chapman flask, 3-13 
cinder concrete floor slabs, 1—40 
Cippoletti, 6—16 
circular areas. 3-51 
contact areas, tires. 3-70 
curves. 3—46 to 3-56 
dams, 4-70, 4-71 
discharge of, 4—77 
Darcy, 3-25 

deflection coefficient, steel beams. 

1-70 

drainage. 5-00 to 5-04 
C.A.A. standards, 4-32 
earthwork areas. 3-30 
flat slabs. 1-30 
footings, square. 2-52 
Fritsche, 5-55 
Gray, 3-74 

Hardy Cross, water, 6-66 
Hazen and Williams, 6-62. 6-63 
Jurgenson, 4-74 
Kutter, 5-28 
Lally columns. 1-92 
liquid limit, 3-1 2 
Manning, 5-05, 5-27 
McMath. 5-02 
orifices. 6-16 
Parshall flume. 6-1 7 
permeability, 3-25 
plastic limit, 3-1 2 
prlsmoidal, 3-30. 3-33 
properties of sections, 1-16, 1-17 
proportional weir, 5-44 
pycnometer, 3-13 
radius of gyration, 1 — 16, 1 — 17 
Rankine, 2-69 
rational, 5-01 
road curves, 3—46 to 3-56 
Schoklitsch, 4—75 
shearing strength, 3-20 
Sheets, 3-80 
shrinkage, 3-1 2 
soil, density. 3-14, 3-15 
moisture. 3-13 to 3-15 
stirrups, 1-38 
Stevenson, 4—76 
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Formulas, Talbof, 5-03 
Thompson, 6-16 
trigonometric, 1-15 
two-way slabs. 1-31, 1-32 
voids ratio. 3-25 
wail footings. 2-51 
weirs, 5-44, 6-15, 6-16 
welding. 1-95, 1-96 
Westergaard. 3-80, 4-26 
wood bolts. 2-15 
Zuider Zee. 4-76 

Foundations, 2-50 to 2-69, 3-20 to 

3-22 

base plates for steel columns, 1-90 
bearing capacity of soils, N. Y. C. 
code, 2-50 

check of. 3-20 to 3-22 
test. 2-50, 4-26 
borings for, 3-09 to 3-1 I 
coal pressure on walls, 2-69 
compressive stress in soils, 3-20 to 

3- 22 

concrete footings. 2-51 to 2-58 
mixes for. 1—28 

dams, 3-20 to 3-22, 4-70 to 

4- 79 

earth pressures on walls. 2-69 
embankments, 3-20 to 3-25 
general notes for, (-23 
load test on soils, N. Y. C. code, 

2- 50 

piles, 2-59 to 2-67 

of plastic materials, 2-50, 3-20 to 

3- 22 

retaining walls, 2-68, 2—69 
shearing stress in soils, 3-20 to 
3-22 

slopes, 3-20 to 3-25 

soils, use of, 3-05 

spread concrete footings, 2—5 1 to 

2-58 

for towers, 4—65 
unit stresses. 1-0 1 
wall, thicknesses, 1-14 
footings, 2-51 
Freeboard, dams, 4-76 
piers, 4-80 

Freight cars, dimensions. 4-01 
platforms for, 4-02, 4-4)4 
Friction piles, see Piles 
Fritsche formula, 5-55 
Frog, railroad, 4-01, 4-03 
Frost action soils, 3-17 

Casagrande groups, 3-06, 3-07 
P.R.A. groups, 3-04 
Fueling pits, airports, 4-36 
Functions, of 1° curve, 3-48 
of transition curves, 3-55. 3-56 
trigonometric, 1-15 


Furniture, laboratory, sewage, 5—85 
to 5-88 

water, 6-39 to 6-44 

G 

Gage, corrugated metal culverts, 

5-20 

railroads. 4-01 
sheet metal, 1-19, 6-74 
steel pipe, 6-74 
wire. 1-19 

Gallons, conversion factors, 1-21 
Games, sizes of courts for, 4-95 to 
4-97 

Garage, live loads for, 1-08 
ramps, 3-59, 3-64 
Garbage disposal, 5-98, 5-99 
Gas, layout sludge digestion, 5-57 
from sewage sludge, 5-56 
Gasoline service, airports, 4-36 
Gate, sluice, 6-79 
valves, in dams, 4—77 
details, 6-78 

in distribution systems, 6—60 
loss of head, 5-55, 6-67 
General notes, 1-23, 1-24 
Girders, heavy timber construction, 

2-1 I 

laterally unsupported steel, 1-70 
plate, 1-72 
plywood, 2-21, 2-22 
reinforcement for, 1-29 
slow-burning » mill construction, 

2-1 I 

steel, design, red lights, 1-72 
properties of, 1-70, 1—71 
stiffness factors for concrete. 1-29 
stirrups for concrete. (—38 
web reinforcement for. 1—38 
welded connections to, 1-94 to 
I -97 

wood, 2—1 I 
Glacial soils, 3-02 
Glass, block, weight of, 1-07 
for covering sludge beds. 5—56 
properties of, 1-05 
Globe valve, details, 6-78 

loss of head, in air flow, 5—55 
in water flow, 6-67 
Gneiss, bearing values of, 1-05 
Gow pile, 2-61 

Grades, airport landing strips, 4—15, 

4-16, 4-20 

approaches to road bridges, 3—67 
compensation, roads, 3—59 
control points, 3-69 
crossings, railroad, 4—04 
Intersections at, 3-65, 3-66 


XIX 

Grades, railroad, 4-01 
roads, 3—41, 3-59 
separations, 3-67, 3-68 
taxiways, 4-16, 4-18 
Gradients, flotation. 4-75 
railroads, 4-01 
roads, 3-41, 3-59 
Grain size, soils. 3-01 
Grains, conversion factors. 1-21 
Granite, bearing values of, 1-05 
curbs. 3-92 
properties of. 1-05 
weight of. 1-07 

Granular soils, 3-01 ; see also Gravel 
and Sand 

angle of internal friction of. 3—20 

to 3-22, 4-74 

cohesion of, 3-20 to 3-22, 4-74 
in P.R.A. groups, 3-03 
shrinkage, 3-24 
slopes of. 3-20 to 3-23 
Grating, airport gutter. 4—33 
drainage inlets, 5-16 to 5-19 
Incinerator, 5-99 

Gravel, angle of Infernal friction of, 
3-20 to 3-22, 4-74 
bearing capacity of, 2-50 
Casagrande classification, 3—06, 
3-07 

cohesion of. 3-20 to 3-22, 4-74 
in concrete mixes, 1-28 
dams. 4—72 to 4-79 
embankments. 3-20 to 3-25 
grain size. 3-01 

identification, visual, by texture, 

3-01 

mechanical analysis of, 3-16 
moisture determination. 3-13 to 
3-15 

P.R.A. groups, 3-03 
permeability, 3-24, 3-25 
roads, 3-43 
sewage filters, 5-50 
slopes, 3-20 to 3-25 
sludge beds. 5-56 
subdrain fitters. 3-18 
walls of wells, 6-07 
water filters, 6-32. 6-36 
Gravity, dams. 4—70, 4—71 

retaining walls, 2-68 

Gray formula, 3-71. 3-74 
Grease, flotation tank in flow 
diagrams, 5—41 
trap, 5—63, 5-65 
Grinder, sewage, 5—43 
Grit, chambers, for sewage treat- 
ment, 5—44, 5—45 
in flow diagrams, 5-41 
test for, sewage, 5-7 I 
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Groim, 4-^3 

Ground sforaQ*, water supply, 6-04. 
6-09. 6-10 

Guard raik. at grade separations, 

3-68 

live loads against, 4—55 
roads, 3-87 

Gum, resistance of nails In. 2—14 
stresses for. 1-03 

Gunite, thickness for fire resistance, 

1-18 

GuHers, airports. 4-32. 4—33 
details 3—86 

discharge from. 5—05 

Qra naqe sections. 5-04. 5-05 
erosion of 5-09 

Gypsfeel plank, weight of. 1-07 
Gypsum, chaster, weight of, 1-07 
thickness for fire resistance. 1-18 
wal’s. weight of. 1-07 

H 

Hack berry, resistance of nalis In, 

2- 14 

Hammer, dress curbs. 3-92 
♦ hrow 4—97 

HandbaH court, 4—96 
Hardness, drinking water, 6—18 
Hardy Cross, pioe flows. 6-66 
Haxen and Williams, formula. 6-62 

nomograph. 6—63 
HeedligMs, sight distance chart 

3- 62 

Haadwal, for culverts. 5—08 
location of. 3-88 

Haat meffiod, moisture determlna- 
t'on, 3-1 3 

Heavy Hmber construction. 2-13 
Hectares, conversion factors. 1-21 
Hemlock, loads on bolts in. 2-15 
resistance of nails In. 2-14 
stresses for. 1-03 

t-mber connectors, 2-16 
weight of 1-07 

Hemp, for cast iron pipe joints. 6—68 
Hercules piles, 2-60 
Hickory, loads on bolts In, 2—15 
resistance of nails In. 2-14 
stresses for ;-04 
timber connectors, 2-16 
HigK-cbeirs. spacing of, 1-25 
High jump, 4—97 
HigK-rate fiHen. 5-52 

d'lotion of effluent, 5—40 

efficiencies of. 5—40 

flow diagrann. 5—42 
sludge from 5-56 
HigKwayi, see Roads 


Hockey field, 4—96 

Hollow, block, bearing values of, 

1-05 

fire resistance, 1-16 
weights of, 1-07 
wells, 1-12 

thickness of, 1-14 
Horiions, of soils. 3-02 
Horsepower, for activated sludge, 

5- 54. 5-55 

conversion factors, 1—21 
of pumps. 6-14 
of windmills. 6-08 
Horseshoe pitching, S-97 
Hose, fire flow. 6-61 
Hospitals, water for, 6-00 
Hotels, water for. 6-00 
House, connection, flow in. water. 

6- 64 

service valve and box, 6-80 
sewage, treatment for, 5-66, 5-67 
sewer. 5-34 

water required for, 6-00 
Hung ceiling, weight of. 1-07 
• Hydrants, details, 6-80 
discharge. 6-61 
location in streets, 3-88 
spacing. 6-01. 6-60 
test. 6-60. 6-61. 6-80 
Hydraulics, of ditches. 5-04, S-05. 

S-26 to 5-29. 5-31 
elements of pipes, 5-31, 5-32 
flow through earth, 3-24, 3-25 
radius. 5-02. 5-31. 5-32 
of sewers, 5-23 to 5-33 
of water pipe. 6-60 to 6—67 
Hydrometer, analysis zone, soils, 

3- 01 
test. 3-16 

Hypochlorinator. sewage, 5-58. 5-59 
water. 5-59 

I 

Ice, hockey. 4-97 
thrust. 4—51, 4-71 
on transmission towers, 4-65 
Illumination, airports. 4—18, 4—34, 

4- 35 

bridges, roads, 3-67 
cloverleafs. 3-69 
roads, 3-89 

Imholf tanks, design data, 5—48 
efficiencies of. 5-40 
sludge beds for, 5-56 
Impact, buildings. 1—08 
docks and piers. 4—60 
highway bridges, 4-51 
pavement design, airports. 4—26 


Impact, pavement design, roads, 3-70 
railroad bridges, 4-52 
Impermissible bedding, pipes. 5-22 
Inches, conversion factors, 1-21 
Incineration, 5-99 

Incrustation, by drinking water, 6-18 
Index number, airplanes, 4-14, 4-17 
Industrial sewage, characteristics of. 

5-40 

Inertia, moment of, see Moment of 
inertia 

Infiltration, into sewers. 5-23 
Inlets, 5-16 to 5-19 
concentration time. 5-00 
Intakes, water supply, 6-08 
Intensity, of rainfall, 5-00 
Interior walls, fire resistance of. 1-18 
loads on, 1-05 
thicknesses of, 1-14 
weights of, 1-07 
Intermittent sand filters, 5-50 
Internal friction, angle of. 3-20 to 
3.22. 4-74 
in soils, P.R.A., 3-03 
Intersections, airports, 4-28 
roads, 3-65 to 3-69 
rotary, 3-66 
streets, 3-91 

Instrument approach, landings, 4-10 
zone, 4-13 

Inverted siphons, 5-23, 5-33 
Iron, cost, see Cast iron 
corrosion of. 4-90 
in drinking water, 6-18 
wrought, see Wrought iron 
Islands, directional. 3-66 
refuge. 3-90, 3-91 
traffic. 3-65, 3-^6 

J 

Javelin throw, 4—97 
Joints, assemblies for, 3-81 
brickwork, 1—12 
bridges, 4—56 

cement-asbestos pipe, 6-70 
concrete pavement, 3-81, 3-82. 

4-27, 4-28 
curbs. 3-86, 3-91 
dams, 4—75 

filler for roads, 3-78, 3-79 
heavy timber construction. 2-13 
masonry, 1-13 
plywood. 2-2 1 . 2-22 
reservoirs, distributing, 6-09, 6-10 
sewer pipes, 5-34, 5-35 
sidewalks. 3-9 1 . 3-92 
slow burning mill construction, 2-13 
steel pipe, 6-75 
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Joints, water pipe, 6-68 to 6-77 
welded. 1-94 to 1-97 
wood. 2-15 to 2-17 
in wood stave pipe, 6-72 
Joists, bar, 1-93 

steel open web. 1-93 
wood, safe loads on, 2-i I 
Jurgenson formula, 4-74 

K 

"K," for concrete frames. 1-29 
permeability, 3-24. 3-25 
Kilo, conversion factors, 1-21 

Kutfer formula, 5-28 

L 

Laboratory equipment, sewage 5-85 
to 5-89 

water. 6-39 to 6-45 
Lacrosse field, 4-96 
Lally columns, 1-92 
Landing, instrument. 4—10 * 

strips, approach zones for. 4-13 
4-16 

Army standards, 4-16 
C.A.A. standards, 4-14. 4-15 
clearance for, 4-14. 4-15 
cross sections, 4-20 
drainage, 4-32. 4-33 
length of, 4-14, 4-16 
lighting, 4-34. 4-35 
marking. 4-37 
numbering, 4—37 
pavements. 4-26 to 4-31 
width, 4-14. 4-15, 4-16. 4-20 
wind rose for, 4-19 
Lane, acceleration, 3-65 to 3-69 
classification of roads by, 3—42 
deceleration. 3-65 to 3-69 
loading, 4-50 to 4—56 
Larch, loads on bolts in. 2-15 
resistance of nails in, 2-14 
stresses for, 1-04 

Lateral, forces, bridges. 4—51, 4—52, 
4-55 

house connection, 5-34 
sewer, maximum flow in, 5-23 
Laundry, hardness of water for, 6—18 
sewage from, 5-40 
Leaching cesspool. 5-63, 5-64, 5-66 
Lead, in drinking water, 6—18 
joints, water pipes, 6-68 
railroad turnouts, 4—03 
Lift stations, sewage, 5-23, 5-62 
Lighting, airports, 4-18, 4-34, 4-35 
bridge roads. 3--67 
roads and streets, 3—89 


Lime, mortar, 1-05 

plaster, weight of. i-07 
_ for sewage treatment. 5^9 
Limestone, bearing values of, 1-05 
curbs. 3-92 
properties of. (-05 
weight of. 1-07 

Lineal shrinkage, of soils, P.R.A. 
groups. 3-03 
tests, 3-12 

Linear expansion, coefficient of, i-05 
Link, conversion factors. f-2l 
Linoleum, weight of. 1-07 
Liquid limit, frost action soils. 3-17 
for soil stabjlization, 3—19 
of soils, P.R.A. groups, 3—03 
tests. 3-12 

Liters, conversion factors. 1-21 
Live loads, 1-08 

bridges. 4-50 to 4-56 
buildings, 1-08, 1-09 
bulkheads. 4-80 
docks. 4-80 

motor vehicles, 4-50 to 4-56 
piers, 4-80 
pipes, 5-22 

railroads. 4-50 to A-52 
roofs. 1-08 

sidewalks. (-08. 4-51. 4-55 
stairs and fire escapes. 1—08 
transmission tower, 4-65 
trucks. 4-50 to 4-56 
wharfs, 4-80 
Loading, filters. 5-52 

platforms, railroads, 4-02, 4-04 
Loads, axial, see Axial loads 
on bar joists. 1-93 
on bridges, 4-50 to 4-56 
crane runways, 1-08 
distribution, under footings. 3—20, 

3-22 

highway bridges. 4—53 to 4-55 
dynamic. 1-08 

on eccentric steel connections. 

1-91 

on filters, sewage, S-52 
on fire escapes, 1-08 
on footings. 2-52 to 2-56 
impact of, on bridges, 4-51. 4—52 
in buildings, f-08 
on Lally columns. 1—92 
lane. 4-50, 4-53 to 4-56 

live, see Live loads 
on masonry, 1—05 
on nails, 2-14, 2-23 
on open web joists. 1—93 
on piles, 2-59. 2-62 to 2-67 
on pipes, 5-22 
reduction of live, 1—09 


Loads, against retaining walls 2-69 

3-21 

on roofs, 1-08 
on sidewalks. 1-08 
on soils. 2-50, 3-20, 3-22 

on stairs. 1-08 

on steel, angle struts. 1-76 to 1-79 
columns. 1-74 to 1-79 
on stud partition, 2-1 2 
tests on soils. 2-50, 4-26 
on transmission towers, A — 65 
on welded joints. 1-94 to 1-97 
wheel, 3-70, 4-50 

on wood connections. 2-1 5 to 2-17 
on wood joists, 2-1 I 
Loam, P.R.A. groups, 3-03 
right angle soil chart. 3-02 
soil mixtures. 3-02 
Locust, loads on bolts In, 2-15 
resistance of nails in, 2-14 
Log, check dams. 5-09 
crib dams, 4^73 

Longitudinal, forces, bridges, 4-51, 

4- 52 

grades, airports, 4-15, 4-16 
roads. 3-41 , 3-59 

Loss of head, ditches, 5-05. 5-28, 

5- 29 

fire streams. 6-61 
fittings, 6-67 
manholes. 5-33 
sand filters. 6-33 
sewer pipe, 5-24 to 5-30 
valves, 6-67 

water pipe. 6-60 to 6-67 
Low rate filters, 5-52 
dilution of effluent. 5—40 
efficrenc ies of. 5-40 
flow diagram, 5—41 
sludge from, 5-56 
Lumber, see also Wood 
unit stresses. 1-03, 1-04 
Luminaires, 3-89 

M 

McArthur pile, 2-60 
McMath formula, 5-02 
Machinery, impact from, 1-08 
Magnesium, in drinking water, 6—18 
Magnolia, resistance of nails in, 2-14 
Mains, sewers, minimum flow in. 5-23 
hydraulics of. 5-26 to 5-32 
water, layout. 6-60 

hydraulics of, 6-60 to 6—67 
Manholes, 5-15 to 5-19 
airports, 4—32, 4-33 
loss of head in, 5-33 
spacing of. 5-22 
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Manila rope, strength of, 4—84 
Manning formula, 5-05, 5-27 
coefficients for, 5-26 
Maple, loads on bolts In, 2-1 5 
resistance of nails in, 2-14 
stresses for. 1-04 
timber connectors in, 2-16 
Marble, bearing values of, 1-05 
properties of, 1-05 
weight of, 1-07 

Marine borers, protection against, 

4-85 

Marking airports, 4-37 
Masonry, ashlar, 1-13 
bearing values of. 1-05 
brick, 1-12 
compression on. 1-05 
dams, 4-70, 4-7 1 
flashing of. 1-12 
guard rails, 3-87 
joints, 1-12, 1-13 
properties of. 1-05 
steel bearing plates on, 1-90 
stone, 1-13 

walls, thickness of, 1-14 
Mass diagram, earthwork, 3-34 
water supply, 6-05 

Massachusetts Institute of Technol- 
ogy, sampler, 3-1 I 
soil grain size, 3-01 
Massey pipe, elements of, 5-32 
Master plans, airports, 4-21 to 4-25 
Materials, bituminous, use of. 3-78, 

3-79 

fire resistance of, 1-18 
properties of, 1-05 
unit weights of, 1-07 
Maximum density, soils, 3-13 to 3-15 
Mechanical, aeration tanks, sewage, 

5-53 

analysis of soils, 3-16 
by grain size, 3-01 
right angle soil chart, 3-02 
soil mixtures. 3-02 
stabilization, soils. 3-19 
Median strips, 3-85 
at bridges, 3-67 to 3-69 
at cloverleafs, 3-69 
Mesh, wire, see Wire mesh 
Meters, conversion factors. (-21 
water. 6-81 to 6-83 
Microorganisms, m drinking water, 
^>-19. 6-30, 6-31 
Miles, conversion factors 1-21 
Mill;., conversion factors, 1-21 
Miner's inches, conversion factors 
1-21 

Minutes (angle), conversion factors 
1-21 


M. I. T., see Massachusetts Institute 
of Technology 

Mixes, bituminous, 3-75 to 3-77 
concrete, 1-28 
tor curbs, 3-86 
for sidewalks, 3-92 
Mix-in-place roads, 3-75 
aggregate curves for. 3-76, 3-77 
bituminous material for, 3-78, 

3-79 

sections. 3-43 

Mixing basins, water filters, 6-34, 

6-37 

Modulus, of elasticity, plywood. 2-20 
structural materials. 1-05 
of subgrade reaction, 3-80, 4-26 
Moisture, in soils, determination, 

3- 13 to 3-15 

Moments, coefficient for two-way 
slabs. 1-31. 1-32 
concrete, beams, 1-34 to 1-37 
columns. 1-74, 1-75 
fixed end, l-l 0. I-I I 
flat slabs. 1-30 

of inertia, formulas. 1-16, 1-17 
four angles. 1-82 to 1-89 
plywood. 2-20 
T beams, 1-29 
two plates, 1-80 
unit areas, 1-81 
steel colu mns, 1-74, 1-75 
welded joints. 1-95, 1-96 
wheel loads, bridges, 4-53 to 4-56 
Mooring devices, docks and piers, 

4- 84 

Mortar, 1-05 
joints. 1-12, I-! 3 

Motor vehicles, dimensions of, 3-64 
gradients for, 3-59 
turning radii, 3-64 
weights of. 3-64, 4-50 
wheel loads, 3-70, 4-50 
Muck, Casagrande classification, 

3-06. 3-07 
grain size. 3-01 

identification, visual, by texture. 

3-01 

origin of, 3-02 
in P.R.A. groups. 3-03 
Muilion, brick, 1-12 

N 

Nails, In plywood, 2-23 
in wood, 2-14 
Nalecode, weight of, 1—07 
National Board of Rre Underwriters, 

fire flow requirements, 6-01 
fireproofing requirements, 1-18 


New York City Building Code, bear- 
ing value of soils, 2-50 
cinder concrete floor slabs, 1^0 
concrete stresses. I -01 
live loads, 1-08 
reductions, 1-09 
load tests on soil, 2-50 
masonry, compression in, 1-05 
rivets, values of, 1-70 
steel, beams unsupported laterally, 
1-71 

columns. 1-71 
stresses. 1-02 
turnbolts, 1-71 

unfinished bolts, values of, 1-71 
wall footings, 2—5 1 
walls, 1-14 

New York State, sewage flow require- 
ments. 5-23 

Nitrates, nitrites, tests, sewage. 5-80 
Nomographs, column loads, 1-42 to 
l-t5 

sewer flow. 5-30 
water pipe flow. 6-63, 6-67 
Nozzles, fire-flow through, 6-61 
trickling filter, 5-52 
Numbers, for airports, 4—37 

o 

Oak, loads on bolts In, 2-15 
resistance of nails in. 2-14 
stresses for, 1-04 
timber connectors, 2-16 
weight of, 1-07 

Obstruction lights, airports, 4-34, 

4- 35 

Odor, of drink ing water, 6-1 8 
of sewage, control of. 5-58 
Open, channels, flow in, 5-04, 5-05, 

5- 28. 5-29. 
elements of, 5-31 
Scobey chart, 5-28, 5-29 

web joists, 1-93 

Optimum moisture of soils, Casa- 
grande, 3-06, 3-07 
determination of, 3-13 to 3-15 
P-R.A. groups, 3-04 
Organic, soils and silt, 3-01 
waste, sewage characteristics of, 

5^0 

Orientation, athletic fields, 4—95 
Orifices, 6-16 

of meters. 6-81, 6-82 
Origin of soils, 3-02 
Ounces, conversion factors, 1—21 
Outfall sewer, minimum flow in, 

5-23 

Outlets, dams, 4-77 
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Overflow, conversf on f octorj | i 
dami. 4-77 

grit chambers, 5-44. 5^5 

reservoirs, distributing. 6—09, 6-10 
settling tanks. 5-46, S-47 
weirs. 6-15 to 6-17 
Overhang, railroad cars. 4-02 
Overload, highway bridges 4— 5( 
Oxygen, tests for sewage 5-77 

S-78 


P 


Peddle tennis courts, 4-95 
Panels, see Plywood 

Parabolic, crown ordinates 3-93 

3-94 

vertical curves, 3-63 
Parallel, pipes in. 6-65 
Perapet. flashing, 1-12 

Parking lanes, urban streets 3-90 
3-91 ' * 

Parkway section, 3-42 
Pershall fluma, 6-17 
Partitions, loads on. masonry, |-05 
wood stud. 2-12 
fire resistance of, 1-18 
thickness of. I- 1 4 
weights of, 1-07 

Perts per million, conversion factors 
1-21 

Passing sight distance and zones, 

3—60, 3—61 

P«lcliin 9 miituret, roads, bituminous 
materials for. 3-78, 3-79 
Pavement, airports. 4-26 to 4-31 
base thickness, 3-17, 3-72 
bituminous, materials for 3-78 
3-79 

mines. 3-75 to 3-77 
California Bearing Ratio. 3-08 
3-73, 4-29 

concrete. 3-44, 3-80 to 3-82, 4-26 
to 4-28. 4-3 1 

constants for design, 3-08, 3-80 
intersections. 3-65 to 3-69 
lanes, 3-41, 3-42 

required over soils, P.R.A. group. 
3-04 

roads, 3-43, 3-44, 3-70 to 3-82 
sections, airports. 4-27, 4-30 
roads, 3-43 to 3-45 
selection factors. 3-71, 3-72 
Sheets ■ C." 3-08. 3-80 
soil stabilixetion, 3-19 
subgrede bearing value, 3-08. 

3-80 

turning radius. 3-65 
typw, 3-41 to 3-44. 3-75 


ion, 3-06. 


Pavement. Westerqaard It ' 3_08 
3-00, 4-26 

wheel loads, 3-70, 4-50 
Peat, Casagrande classificat 
3-07 

grain jize. 3-01 

tdent.f, cation, visual, by teiture 

3-01 

©'■•gin of. 3-02 
P.R.A, groups. 3-03 
Pncan, stresses for, 1-04 

Pedaifals, stresses in concrete 
l-OI 

Penetration, bituminous materials for 

3- 78. 3-79 
macadam, 3-75 

sections. 3-43 
of piles. 2-59 

Penetromatar. Proctor, 3-14 
Percolation, through dams. 4-75, 

4- 76. 4-78. 4-79 
Permeability, coefficient of, 3-25 

of diffusion plates. 5-53 
of soils. 3-24. 3-25 
Permeemeter, 3-24 
Permutit fitters, 6-38 
Peztite, for soil stabilization, 3-19 
pH, of drink mg water, 6—1 8 
for filter coagulants. 6-34 
test, sewage, 5-74 
Pickling planti, characteristics of. sew 
age from. 5-40 
Piers, see also Docks and Piers 
bearing on, concrete. 1-0 1 
bridges, borings for. 3-09 
pressures on, 4-5) 
masonry, height of. 1-14 
Piezometer, in Parshall flume. 6-17 
Piles, caps. 2-63 to 2-67 
concrete, cast-in-place. 2-59 to 
2-61 

corrosion of. 4-85 
for docks and piers, 4-82 to 4-85 
footings for, 2-63 to 2-67 
protection of. 4-85 
spacing and load on. 2-59, 2-62 
steel pipe, 2-62 
in tension, 2-59 
types, 2-60. 2-61 
Pine, loads on bolts in. 2-1 5 
resistance of nails in, 2-14 
stresses for, 1-04 
timber connectors, 2-16 
weight of. 1-07 
Pins, steel 

unit stresses, bridges. 4-57 
buildings, 1-02 
Pipes, bedding of. S-22 
bends, reactions et, 6-77 


xjiiii 

Pipas, capacities of 5-24 to 5-3 3 
6-62 to 6-67 

cost iron. 6-68, 6-69 

cement-asbestos. 5-2) 5-34, 6-70 
clay 5-21. 5-34, 5-67 
coefficient for, 5-26, 6-62 
concrete 5-20, 5-35 
corrosion of, 4-85, 4-90, 6-18 
corrugated metal. 5-20. 5-35 
Curvature, 6-76 

details. 5-34. 5-35, 6-68 to 6-76 
drainage, bedding of, 5-22 
flow in. 5-24 to 5-33 
headwalls for, 5-08 
runoff for, 5-00 to 5-03 
sizes of. 5-20, 5-21 
strengths of, 5-20, 5-3 I 
subdrainago, 5-06, 5-07 
tiles. 5-67 

equivalent size of, 6-64 to 6-66 
flat base, 5-32 

flow of air m 5—55 
flow of sewage m, 5-23 to 5-33 
water m, 6-60 to 6-67 
for reservoirs. 6-09 to I 
force mams, sizes for, 5-33 6-12 
Hazen and Williams formula 6-62 
6-63 

hydraulic elements of, 5—31, 5-32 
in concrete slabs, 1-29 

in filters, Subdrain. 3-10 
incrustration of, 6-18 
infiltration into, S— 23 
intakes for water supply, 6—08 
inverted siphons. 5-23, 5-33 
joints, sewer. 5-34. 5-35 
water, 6-68 to 6-77 
Gutter formula. 5-28 
loads on. 5-22 

Manning formula, 5-05 5-27 
Massey flat base, 5—32 
reactions at bends in, 6-77 
resistance to airflow, 5-55 
sewer, bedding of 5-22 

capacities of 5-24 to 5-33 
cement-asbestos, 5-21. 5-34 
cloy, 5-21, 5-34. 5-67 

coefficient for, 5-26 

concrete. 5-20, S-35 
corrugated metal 5-20. 5-35 
details, 5-34, 5-35 
flow in, 5-23 to 5-33 
force mains, 5-33 
hydraulic elements of 5-31 

5-32 

infiltration into, 5-2 3 
inverted siphons, 5-23. 5-33 
joints. 5-34. 5-35 
loads on, 5-22 
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Pipes, sewer. Massey, 5-32 
file. 5-67 

vitrified clay. 5-21. 5-34, 5-67 
siphons. 5-23, 5-33 
steel, 6-73 to 6-75 
subdrainage. 5-06, 5-07 
submerged flow, 5-24, 5-25 
t.le, 5-67 

tubercuiation of. 6-18 
velocities in sewers. 5-23 
Vitrified clay, 5-21, 5-34. 5-67 

water, cast iron. 6-68. 6-^9 

cement-asbestos, 6-70 
details. 6-68 to 6-76 
flow in, 6-60 to 6-67 
steel. 6-73 to 6-75 
wood stave, 6-7 1 . 6-72 
Piping, through dams. 4-75 
Pistol range, 4-97 
Piston sampler, 3-09, 3-10 

Pitch, spiral reinforcement. 1—41 

Pitometer, 6-80 

use of 6-60. 6-61 
Plane, movements per hour. 4-10 
weights, 4-17 

Plank floor, bridges. 4-54, 4—55 
Plans, airports, 4-21 to 4-25 
lighting. 4-34. 4-35 
pavements. 4—28 
pumping stations, sewage. 5-62 
water. 6-13 
railroad crossing, 4-04 
crossover, 4-03 
trestle. 4—01 

road intersections. 3-65 to 3-69 
pavements. 3-8 1, 3-82 
sewage plants. 5-41. 5-42, 5-63 
streets. 3-90 to 3-92 

water filters. 6-32 to 6-37 
distribution system, 6-60 
Plant mixes, bituminous. 3-75 
3-79 

sections, 3-43. 3—44 
Plaster, weights of 1-07 
Plastic, foundations. 3-20 to 3-22 
for dams. 4-74 
limit test, 3-12 

materials, slopes of 3-20 to 3-23 
soils, P .R,A. group, 3-03, 3-04 
Westicrty index. 3-12 
frost action, soils, 3-17 
needle. 3-14 
soil stabilization. 3-)9 
soils, P .R,A. groups. 3-03 
Plate, bearing, I -90 

girders, plywood, 2—22 
steel, 1-72 

glass, weight of, 1-07 
guard rails, 3-87 
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Platforms, railroad loading, 4-02, 
4-04 

relieving, 4—82 
Plug, valves, 6-78, 6-79 
welds, 1-94 

Plumbing fixtures, factors of usage, 
6-64 

water for, 6-00 
Plunger pump, 5-61 
Plywood, 2-20 to 2-23 
Pole vault, 4-97 
Polo, 4-97 

Ponding, surface water, airports, 4—32 

Poplar, stresses for, 1-04 

Poppet valve, 6-79 

Poreto, weight of 1-07 

Posts, mooring, docks and piers, 

4-84 

Pound, conversion factors. 1-21, 1-22 
Power loading, airplanes, 4-14, 4—17 
P.R.A., see Public Roads Administra- 
tion 

Pre-cast concrete piles, 2-59 to 2-61 
Precipitation, see also Rainfall 
chemical, for sewage, 5^9 
Precipitator, water filters. 6-37 
Pressure, on bridge piers, 4—51 
coal. 2-69 

on dams, 4-70 to 4-79 

earth, 2-69, 3-21 

on fire streams. 6-01, 6-60, 6-61 

flowing water, 4-80, 4—51 

on gate valves, 4—77 

hydranf 6-01, 6-60, 6-61 

reducing valve, 6-78 

relief valve. 6-79 

shock, piers and docks. 4-80 

wave, 4—76 

Prime coats, road, bituminous mate- 
rials for, 3-78, 3-79 
Prismoidal correction, 3-30, 3-33 
Proctor test, 3-14 
Propeller pump, 5-61 
Properties, of curves, circular, 3-46 
to 3-51 

transition. 3-52 to 3-56 
of ditches. 5-04 
of mass diagrams. 3-34, 6-05 
of materials, 1-05 
of plywood, 2-20, 2-21 
of sections, formulas for. 1-16 
1-17 

of steel sections, i-70. f~7l 
of wood members. 2-1 I 
Proportional weir, 5-44. 5-45 
Protection, docks and piers. 4-84 
embankment, airports, 4-32 
fire. 6-01, 6-61 
fireproofing, 1-18 


Public Roads Administration, classifi- 
cation of roads, 3-41 
design criteria, 3—41 
embankment, slope chart, 3-21 
motor vehicle regulations, 3-64 
pavement design values, 3-08 
soils classification. 3-03 to 3-05 
Pumping, engines, fire, 6-01 
level, wells. 6-07 
of soils. P.R.A. groups. 3-04 
stations, sewage, 5-23, 5-62 
water, 6-12 to 6-14 
Pumps, horsepower, 6-14 
types of 5-61 

Purification, of sewage, see Sewage 
treatment 

of water, see Water purification 
Putrescibility test, sewage. 5-76 
Pycnometer, 3-13 
Pyrofill, weight of, 1-07 

9 

Quadrants, angle, conversion factors, 
1-2 1 

Quarts, conversion factors, I -2 1 
Quays, 4—80 to 4-85 
Quick shear test, 3-20 
Quicksand, 4—78 

Quintals, conversion factors, 1-22 
Quoits, 4-97 

R 

Radians, conversion factors, 1-22 
Radius, of curves. 3-46 to 3-56 
minimum, 3-58 

of gyration, formulas for, I-I6, 

1-17 

of steel members, 1-70, 1-71 
turning, minimum, motor vehicles, 

3- 64 

at intersections. 3-65 to 3-69 
Railing, bridge, height of 3-67, 4-55 
loads on, 4-55 

Railroads, bridges tor, 4-50, 4-52, 

4- 57, 4-58 
bumper, 4—05 

car dimensions, 4-01 
clearances. 4-01, 4-02 
coal trestle, 4-01 
Cooper’s loading, 4-53 
crossovers, 4-03 
curves. 3-47 
derail, 4-05 
electric loading, 4-50 
freight unloading, 4-04 
frogs. 4-03 
grade crossings, 4-04 
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Railroads, grade separations, 3-68 
live loads, 4-50, 4-51 
overhang. 4-02 
split switch, 4-03 
spur, siding design. 4-01 
superelevation. 4-01. 4-05 
turnouts, 4-03 
unloading platforms, 4-04 
wheel stop, 4—05 
Rainfall, 5-00. 6-02, 6-03 
coefficients. Hazen. 6-02 
concentration time for, 5-00 
ditches for. 5-04, 5-05 
duration, 5-00 
erosion, 5-09 

gutters for. 3-86. 4-33. 5-04. 5-06 
intensity. 5-00 

McMath formula. 5-02 
mean annual, 6-02 
monthly variations in. 6-03 
one hour. 5-00 
overland flow from, 5-00 
rational formula for, 5-01 
runoff, 5-00 to 5-05. 6-02 to 6-06 
storage of. 6-04 to 6-06, 6-09 to 
6-1 I 

Talbot formula for. 5-03 

water supply. 6-02, 6-03 

Yarnell curves. 5-00 
Ramps, clearances. 3-64 
doverleafs, 3-69 
at grade separations, 3-67 
gradients, 3-59 
Range, ashlar masonry, 1-13 

lights, airports, 4-18, 4-34. 4-38 
Rapid sand filters, 6-34 to 6-37 
Rational formula, drainage, 5—01 
Raymond pile, 2-60 
Reaction, allowable, steel beams, 
1-70. 1-71 

at bends, water pipe. 6—77 

bridge members. 4-53 to 4-55 
structural steel sections, allowable 
1-70, 1-71 

Receiving waters, dilution require- 
ments. 5-40 
for sewage. 5-60 
Recirculation, sewage treatment, 

5-42 

Rectangular, footings, 2-56 
weirs, 6-15 

Red lights, rn structural steel design, 

1-72 

in welding, 1—97 
Reduction, in live loads, bridges, 

4^50 

buildings, 1-09 

in stresses, bridges. 4-52, 4-57 
buildings, 1—08 


Redwood, loads on bolts in, 2-15 
resistance of nails in. 2 -J 4 
stresses for. 1-04 
timber connectors. 2-16 
Refuge islands, 3-90, 3-9 1 
Refuse, disposal of, 5-98. 5—99 

Reinforcement, anchorage of. 1-25 

areas of bars, 1-39 

area per foot of width. 1-39 

m basement walls, 2-69 

beam widths tor, 1-30 

for bridge slabs. 4-53 

in cinder concrete floor slabs. 1-40 

in cantilever walls. 2-68 

for columns, 1-25, l-4f to 1-45 
details of. 1-25 

fireproofing of, 1-18 
for footings. 2-52 to 2-58 
in foundations. 2-52 to 2-58 2-63 
to 2-69 

hooks for. 1-39 
in one-way slabs, 1-25 
in two-way slabs. 1-30 to 1-32 
mesh sizes and areas, 1-39 
minimum, in concrete, A C I 
1-29 

moments of, 1-34 to 1-37 
in pavements, concrete. 3-81 
3-82. 4-27 

per cent in concrete columns. 1-41 
to (-45 

perimeters of bars, 1-39 
in pile caps. 2-63 to 2-67 
pitch of spirals, 1—41 
In slabs, typical, 1-25 

spirals for concrete columns, 1-41 
stirrups. 1-38 
stresses for. I -01 

ties for concrete columns, 1-41 
typical section. 1-25 
web. 1-38 
weights of, f-39 

Relative stability test, sewage. 5-76 
Relieving platforms, 4—82 
Repose, angle of. 3-20 to 3-23 
Reservoirs, copper sulfate for. 

6-31 

distributing. 6-09, 6-10 
evaporation from, 6-06 
ground storage, 6-04 
mass diagram for, 6-05 
microorganism treatment, 6-31 
storage requirements. 6-04 
treatment of, 6-3 I 
Residences, sewage treatment for, 

5—63 to 5—67 

sewer connections to, 5—34 
thickness of walls, 1-14 
water for, 6-00 


XXV 

Residual, chlorine in water, 6-18 

pressures, water, 6-01. 6-60, 6-61 
soils. 3-02 

Resilient guard rails, 3-87 
Resin, soil stabilization, 3-19 
Retaining, walls, 2-68. 2-69 
docks, 4-82 

Reverse, curve, railroads, 3-46, 4—0) 
roads. 3-46 

filter for dams, 4—76, 4—78, 4-79 
Revolutions, conversion factors 1-22 
Rifle range, 4-97 

Right angle soil chart, 3-02 

Right-ot-way. roads, location of utill- 
ties in, 3-88 
minimum, 3-41 
urban streets, 3-90, 3-9 1 
Rigid pavements, airports, design of 
4-26 to 4-28, 4-31 
roads, design of. 3-70 to 3-72 
3-80 to 3^82 
sections, 3—44 

tie-down anchors tor, 4-31 
Rivers, annual runoff of. 6-03. 6-04 
intakes. 6-08 

Rivets, holes out of angles, 1-73 
eccentric connections. 1-91 
in plate girders, 1-72 
shear and bearing values, 1-70, 

1-71 

unit stresses, in bridges, 4-57 
in buildings, 1-02 
in transmission towers. 4-65 
Road mix, 3-75 
aggregate for, 3-76, 3-77 
bituminous material for. 3-78, 

3-79 

Roads. 3^1 to 3-94 
adverse grades, 3-59 
arc definition curves. 3—46 
Asphalt Institute curves, 3—74 
bank erosion, 5-09 
bituminous construction. 3-75 to 
3-79 

borings for, 3—09 
California Bearing Ratio. 3-08, 

3-73 

chord definition curves. 3—47 
circular curves, 3-46 to 3-5 1 
classification of. 3—41 to 3—44 
concrete pavement design, 3-00 
to 3-82 

corrections for tangents and exter- 
nals, 3-49 

cross sections, design of, 3-42 to 

3^5 

culverts, 5-20, 5-22 
curbs. 3-67. 3-86. 3-91. 3-92 
curves. 3-46 to 3—56 
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Roads, deflection tables, 3-50 
density of traffic, 3-41 
design speed. 3-41. 3-58 
drainage structures, 5-16 to 5-19 
embanitments. 3-20 to 3-24 
erosion protection, 5-09 
externals, of 1*^ curve. 3—48 
corrections for, 3—49 
transition curves, 3-56 
flexible pavement design, 3-70 to 

3-79 

functions of I curves, 3^9. 3-55. 
3-56 

grade compensation. 3-59 
gradients. 3—4 1 , 3-59 
Gray formula, 3-74 
guard rails. 3-87 
gutters. 3-86 
headwalls, 5-08 

intersections at grade. 3-64, 3-65 

joints, 3-81, 3-82 
lane classifications, 3-42 
loading, 4-50 
lighting, 3-89 

maximum horizontal curves. 3—41 

3-58 

median strips. 3-85 
mixture diagrams, bituminous 
3-76. 3-77 
natural soil, 3-43 

parabolic crown ordinates, 3-93, 
3-94 

parkway section, 3—42 
pavement, design, 3-70 to 3-82 
types. 3-43, 3-44, 3-75 
radius for given speeds, 3-58 
right-of-ways, minimum, 3—41 
sections. 3—42 to 3-45 

short radius curves. 3-51 
shoulders, minimum, 3—41 

sidewalks, 3-86, 3-92 
sight distance, 3-60 to 3-62 
minimum, 3-41 
signs. 3-88 

slopes. 3-20 to 3-24. 3-45 
speed, design, 3-41 
stabilization, soil. 3-19 
subdrainage, 3-18, 5-06, S-07 
superelevation, 3-57, 3-58 
surface widths, minimum. 3—41 
sustained grades, 3-59 
tangents, corrections for, 3—49 
for I ® Curve, 3—48 
tire contact areas. 3-70 
traffic, density of. 3—4 I 

islands. 3-65, 3-66 

separators. 3-85 
transition curves, 3-52 to 3-56 
urban streets, 3-90 to 3-92 


Roads, utility location, 3-88 
vehicles, dimensions. 3-64 
turning radius, 3-64 

vertical curves, 3-63 
wheel loads for, 3-70, 4-50 
widening, 3-57, 3-58 
widths. 3-4 1 . 3—42 
Rock, bearing values of. 2-50 
core borings. 3-09 to 3-1 I 
crushed, in concrete mixes, !-28 
filled dams. 4-73 
filters, 5-52 
slopes of, 3-23 
wells in. 6-07 

Rods, conversion factors, 1-21 
Roofs, at parapets, 1-12 
live loads on, 1-08 
weights of. 1-07 
Roller stresses, bridges, 4-57 
buildings, 1-02 

Rolling shear, plywood, 2-21. 2-22 
Rope, manila. strength of, 4-84 
wire, 1-05 

Rotary Intersections, 3-66 
Roto check valve, 6-79 
Rubbish, disposal, 5-98 5-99 

Rubble. masonry, types of. 1-13 
walls, thicknesses of. 1-14 
Rugby field, 4-96 
Runoff, 5-00 to 5-05 
airports. 4-3? 
check dams for, 5-09 
concentration time, S-00 
over dams, 4-77 
ditches for, 5-04. 5-05 
drainage basi ns, 6-03 
duration of rainfall. 5-00 
erosion. 5-09 

gutters for, 3-86. 4-33. 5-04, 5-05 
hydraulic radius. 5-02, 5-31 
intensity-duration curves. 5-00 
McMath formula, 5-02 
mass diagram for. 6-05 
mean and minimum, 6-03 
one-hour rai nfall. 5-00 
overland flow time, 5-00 
rational formula. 5-01 
stream. 6-03 to 6-05 
subsurface. 5-06, 5-07 

survey of existing channel. 5-02 
Tafbot formula, 5-03 
for water supply, 6-02 to 6-06 
Yarnell curves, 5—00 

Runways, airporfi. approach zones. 

4-13 

Army standards. 4-16, 4-20 
C.A.-A. standards. 4-14. 4-15 
clearance for. 4-14, 4-15 
drainage, 4-32. 4-33 


j Runways, length of 4—14, 

4-16 

lighting, 4-34 4-35 
marking, 4—3 7 
master plans, 4—2 to 4-25 
numbering, 4—37 
pavements for, 4—26 to 4-3 I 
sections through 4-i6. 4-20 
j Rustic, guard rail 3-87 
stone ioints. 1-13 

s 

Safe slopes, 3-20 to 3-23 
! Safety, clearance zone. 4-16, 4-20 
curbs, bridges. 3-68, 4-55 
island. 3-91 

Sag curves, sight distance on, 3-62 
) Salt, in drinking water, 6— (8 
Sampling, sewage, 5-70 to S-80 
soils. 3-09 to 3-1 1 
water. 6-19 

Sand, aggregate rat-'o. 1-28 
I angle of internal fnctlon, 3-20, 

3-21,4-74 

asphalt, 3-75 to 3-79 
bearing capacity of. 2-50 3-20 
Casagrande classification, 3-06 
3-07 

cohesion of, 3-20, 4—74 
in concrete mixes. 1-28 
for dams. 4-72 to 4-79. 
in embankments, 3-20 to 3-25 
filters, Intermittent. S-50 
loss of head through, 6-33 
sewage, efficiencies, 5-40 
small sewage systems. 5-63 

5-64, 5-67 
water, 6-32 to 6-37 

identification, grain size. 3-01 

visual, by texture, 3-01 
mechanical analysis of, 3-16 
moisture determination, 3-13 to 

3-15 

origin of. 3-02 

in P.R.A. groups. 3-03 

per cent of, 3-03 

permeability of. 3-24. 3-25 

right angle soil chart. 3-02 

roads, 3-43 

for sludge beds. 5-56 

in soil mixtures, 3-02 

for subdrain filters, 3-18 

tar. 3-77 

torpedo, 5-50 

Sandstone, bearing values of, 1-05 
curbs, 3-92 
properties of. 1-05 
weight of. 1-07 
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Sanitary fill, 5-98 
Scarf joints, for pipes. 5-35 
Schoklitsch formula, 4-75 
Schools, water for, 6-00 
Scobey chart, 5-28. 5-29 
Scour, dams. 4-77 
docks and piers. 4-85 
drainage channels, 5-09 
Screenings, sewage, test for. 5-71 
Screens, for sewage treatment, 5-43 
for water supply intakes. 6-08 
for wells, 6—07 
Scum test, sewage, 5-72 
Scuppers, bridges. 4-56 
Sea, wall. 4-83 

water in concrete mixes, 1-28 
Seal coats, airports, 4—30 

roads, bituminous materials for 

3- 78. 3-79 

Seconds (angle), conversion factors 
1-21 

Section, airports, 4-16, 4—20 
dams, 4—70 to 4—79 
ditches. 5—04 

docks and piers, 4-82 to 4-84 
earthwork, 3—30 
gutters, 3-86 

modulus, cast iron manhole covers 
5-19 

formulas for. 1-16, 1-17 
Lally columns, 1-92 
plywood, 2-20 
steel, structural. 1-70, 1-71 
wood beams, 2-1 I 
properties of. 1-16. 1-17 
roads, typical, 3-42 to 3-45 
streets, 3-90, 3-91 
Sedimentation tanks, efficiencies of 
5-40 

in flow diagrams, 5—41. 5—42 
sewage treatment, 5-46 to 5-48 
sludge from, 5-56 

Seepage, through dams. 4-73, 4-75 

4- 78 

Selenium, In drinking water, 6-18 
Separations, roads, grade, 3-67 to 
3-69 

Separators, traffic, 3-85 
Septic tanks, 5-63 to 5-67 
Series, pipes in, 6-65 
Service, meters, 6-81 

pipes. 5-34. 5-35. 6-64. 6-70 
valves, 6-80 

Sottleable solids, test, sewage, 5-74 
Settlement, of dams, 4—74 
of earth fills, 3-24 
of sewage particles, 5—44 
Settling tanks, design data. 5-46, 

5- 47 


Seeing tanks, efficiencies of. 5-40 
flow diagrams, 5-41 

Sewage, see also Sewers and Drain- 
age 

B.O.D. of, 5-40, 5-70 

test for, 5-78 

characteristics of, 5-40. 5-70 
chemical manufacturing, 5—40 

daily flow, 5-23 

dairy, 5—40 

dilution requirements. 5-40. 5-60 
distillery, 5-^0 
dye waste. 5-40 
efficiencies of plants. S-40 
flow diagrams for plants. 5-41 
flow of. 5-23 to 5-33 
industrial. 5-40 

laundry, 5—40 

lift stations for. 5-23, 5-62 

manholes. 5-15 to 5-19, 5-23 

New York State requirements, 

5-23 

particle settling, 5-44 
pickling plants, 5—40 

pumping stations for, 5-23. 5-62 
pumps. 5-61 

receiving water. 5-40. 5-60 
siphons for. 5-23. 5-33. 5-51 
sludge from. 5-56 

suspended solids. 5-40, 5-44. 5-70 
tests for, 5-72 
tannery. 5—40 
teyts of, 5-70 to 5-80 
treatment. 5-40 to 5-67 

activated sludge. 5-53 to 5-55 

aeration. 5-53 to 5-55 

bar screens, 5-43 

chemical treatment plant. 5-49 

chlorination. 5-58. 5-59 

classification of, 5-60 

coagulants for, 5—49 

comminutor, 5—61 

digestion of sludge, 5—56. 5—57 

dilution requirements, 5—40, 

5-60 

dosing siphons. 5-51 
drying of sludge, 5-56. 5-57 
efficiencies of units in plants, 
5-40 

flow diagrams. 5—41, 5—42 
furniture tor plants, 5-85 to 

5-89 

grit chamber, 5-44. 5—45 
hot water layout. 5-56 
for houses, 5-63 to 5-67 
hypochiorinators, 5-58, 5-59 
Imhoff tanks, 5—48 
laboratory equipment for plants, 

5-85 to 5-89 


xxvn 

Sewage, treatment, lift station. 

5-62 

lift station. 5-62 
Parshall flume, 6-17 
proportional weir, 5-44. 5-45 
pump types. 5-61 
receiving waters, classification 
of. 5-60 

recirculation, 5—42 
residences. 5-63 to 5-67 
sand filters, 5-50 
screens, 5—43 
septic tanks. 5-63 to 5-67 
settlement of particles, 5—44 
settling tanks. 5-46, 5-47 
siphons, 5-51 

sludge digestion and drying, 
5-56. 5-57 

small systems. 5-63 to 5-67 
stone filters, 5-52 
velocities, 5-23 

Sewers, see also Drainage and Sew- 
age 

catch basins. 5-16 to 5-19 
cement-asbestos pipe. 5-20, 5-34 
clay pipe. 5-21. 5-34, 5-67 
computation form. 5-23 
concrete pipe, 5-20, 5-35 
corrugated metal pipe. 5-20. 5-35 
drop inlets, 5-16 to 5-19 
fittings for. 5-34. 5-35. 5-67, 6-69 
flow in. 5-23 to 5-33 
head losses, special, 5-33 
house, 5-34, 5-63 to 5-67 
hydraulic elements of, 5-31, 5-32 
infiltration into, 5-23 
inlets, 5-1 6 to 5-19 
inverted siphons, 5-23, 5-33 
joints for pipes, 5-34. 5-35 

mains, flow in, 5-23 

manholes. 5-15 to 5-19, 5-23 
Manning formula, 5—05, 5-27 
New York State requirements. 

5-23 

open channel flow. 5-04, 5-05, 
5-28. 5-29 

outfall, flow in, 5-23 
pipes, details. 5-34. 5-35. 5-67 
flow in. 5-23 fo 5-33 
loads on, 5—20 fo 5-22 
sizes, 5-20, 5-21. 5-67 
for residences, 5-34, 5-63 to 
5-67 

Scobey chart. 5—28, 5—29 
siphons. 5-23, 5-33 
slopes. 5-23 

Transits pipe, 5-21, 5-34 
trunk, flow in, 5-23 
velocities in. 5—23 
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Sewers, vitrified clay pipe, 5-21, 
5-34, 5-67 

Sharp crested weirs, 6-15, 6-16 
Shear, br:o'qe rnembers. 4-53 to 4—56 
flat slabs, 1-30 
gate. 6-79 
nails in, 2-14 
oi> wood. 2-20, 2-2 I 

rcilinq. 2-21 

soils, 3-20 to 3-22, 4-74 
structural steel members, 1-70 
unit stresses, bridges. 4-57. 4-58 
buildings. I-Ol to 1-04 
values, bolts and rivets, 1-70, 1-71 
welded joints, 1-95 
Sheet, asphalt, 3-75 to 3-79 
metal, gages. 1-19 
roofing, weight of, 1-07 
piling, 4-78, 4-79 
docks and piers, 4-82, 4—83 
Sheetrock, weight of, 1-07 
Sheets formula, 3-80 
values of ' C." 3-08, 3-80 
Shingles, weight of, 1—07 
Shock pressures, docks and piers. 

4-80 

Short radius curves, 3-51 
Shot put, 4-97 

Shoulders, at airports. 4-16, 4-20 
at grade separations, 3-68 

roads, rninimum width, 3—41, 3—42 
sections, 3-45 
Shredder, sewage, S-43 
Shrinkage, o* embankments, 3-24 
limits, determination of, 3-12 
P.R.A. groups. 3-03 
stabilization. 3-19 
lineal, determination of, 3-12 
P.R.A. groups. 3-03 
ratio determination of, 3-12 
Casagrande, 3-07 
P.R.A. groups, 3-03 
ShufFleboard courts, 4—95 
Sidewalb, 3-86, 3-90 to 3-92 
for bridges, 4-51. 4-55 
at grade separations. 3-67 
live loads on, 1-08 
Sidings, railroad, 4-Oi to 4-05 
impact, 4-52 

Sieves, analysis, soils, 3-01. 3-16 
for bituminous mixes. 3-76, 3-77 
Tyler standard. 3-01 
U, S. Standard, 3-01 
Sight distance, at intersections, 3-65 
roads. 3-60 to 3-62 
Signs, roads. 3-88 
Silt, Atterberg limit tests. 3-12 

Casagrande classification. 3-06 
3^7 


Silt, grain size, 3-01 

identification, visual, by texture, 

3-01 

mechanical analysis. 3-16 
moisture determination, 3-13 to 
3-15 

origin of, 3-02 

per cent of. P.R.A., 3-03 

in P.R.A. groups. 3-03 

right angle soil chart. 3-02 
in soil mixtures, 3-02 
Simplex pile. 2-60 

Siphons, dosing, 5-51. S-63 to 5-65 
inverted. 5-23, 5-33 
Site selection, airports, 4—1 I 
Skeleton walls, thickness of, 1-14 
Skimmings test, sewage, 5-72 
Skin stress panels, plywood. 2-22 
Skylight, weight of. 1-07 
Slabs, bridge, 4-53 to 4-55 
cinder concrete, 1—40 
details, 1-25 

flat. 1-30 
mixes for, 1-28 
reinforcement, 1-29, 1-39 
stone concrete, 1-40 
two-way, 1-31, 1-32 
Slag roofing, weight of, 1—07 
Slate roofing, weight of. 1-07 
Slide gate, 6-79 
Slip side dock, 4-82 
Slip-seal joint, 5-34 
Slopes, airports. 4-15. 4-16, 4-20 
embankments, 3-20 to 3-23 
roads, side. 3-45 
sewers, 5-23 

Slow burning mil! construction, 2-13 
sand filters. 6-32, 6-33 

Sludge, see also Activated sludge 
beds. S-56 

digestion and drying, 5—56, 5—57 
Imhoff compartments for. 5—48 
removal, water filters, 6-37 
tests, sewage. 5-75 
Sluice gates, 6-79 
Slump, concrete mixes, 1-28 
Soccer field, 4-96 
Sodium, carbonate, sewage treat- 
ment, 5-49 

sulfate, water filters. 6-34 
Softball field, 4-97 
Soils, 3-01 to 3-25 
absorption of sewage, 5-64 
for airports, 3-05, 4-1 1 

analyses of. 3-12 to 3-16 
angle, of internal friction, 3-20, 

3-21. 4-74 
of repose. 3-23 
Atterberg limits. 3-03. 3-12 


Soils, augers. 3-09, 3- 10 

bearing capacity. N.Y.C. Code 

2- 50 

boring logs, 3-11 

Casagrande classification 3-06 

3- 07 

C.B.R. values. 3-08. 3-73, 4-29 
cement stabilization. 3-19 
characteristics and performances. 

P.R.A. groups, 3-04 
classification, 3-01 
Casagrande. 3-06, 3-07 
by horizons, 3-02 
in mixtures, 3-01 
by origin. 3-02 
in P.R.A. groups. 3-03 
by right angle soil chart. 3-02 
of subgrades, non-uniform, 3-03 
coarse grained. 3-01. 3-03. 3-06. 

3-07; see also Gravel and 
Sand 

cohesion. 3-20 to 3-22, 4-74 

constants for pavement design 
3-08. 3-73, 3-80 
Darcy's law, 3-25 
earth pressures, 2-69 

dams. 3-05, 3-21, 4-74 
effective size, 3-16 
embankments, 3-20 to 3-24 

field density test. 3-15 
load bearing test, 4-26 
moisture equivalent, 3-03 
filters, subdrain, 3-18 
frost action, 3-17 
gradation, P.R.A. groups, 3-03 
grain size. 3-01, 3-03 
horizons, 3-02 

hydrometer analysis zone, 3-01 
identification of principal types. 

3-01 

lineal shrinkage, 3-03, 3-12 
liquid limit, 3-03, 3-12 
load test, N.Y.C. Code, 2-50 
field bearing, 4-26 
mechanical analysis, 3-16 
M.l.T. grain sizes. 3-01 
mixtures, 3-02 

moisture-density relations, 3-14 
determination. 3-13 
non-uniform subgrades, 3-03, 3-04 
origin of, 3-02 

pavements over P.R.A, classes, 

3-72 

permeability, 3-24, 3-25 
plastic limit, 3^3, 3-12 
plasticity index, 3-03, 3—12 
P.R.A., classification, 3-03 
performance, 3-04, 3-05 
profiles, 3-1 1 
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Soils, quick shear test, 3-20 
repose, angle of, 3-23 
righf angle soil chart. 3-02 
for roads, 3-05 
sampling, 3-09 to 3-1 I 
shear in, 3-20 to 3-22. 4—74 
Sheets formula, value of "C “ 3-08 
3-80 

shrinkage limit, 3-03, 3-12 

sieve analyses, 3- 1 6 

slopes and embankments, 3-20 to 
3-25 

sounding rod, 3-09, 3-10 
split spoon samplers. 3-09, 3-10 
stabilization. 3-19 
subdrain filters, 3- 1 8 
subgrade bearing value. 3-08, 
3-80, 4-26 
non-uniform, 3—03 
surveying, 3-09 to 3-1 I 
test pits, 3-09, 3-1 I 
Tyler standard sieves. 3-0 f 
types, identification of. 3-01 
U.S. Bureau of Soils, grain sizes. 
3-01 

Standard sieves. 3-01 

uniformity coefficient. 3-16 
unit-weight test. 3-1 5 
voids ratio. 3-24 
wash borings, 3-09. 3-10 
weight of, submerged, 4—81 
Westergaard. values of "K," 3-08. 
3-80. 4-26 

Solids, settling velocities. 5-44 
In sewage, 5-70, 5-72 to 5-74 
Sounding rod, soil tests. 3-09, 3-10 
Spandrel, flashing, 1-12 
walls, thicknesses of, 1-14 
Special anchorage, 1-25 
Specific gravity, of soils, 3-13 to 

3- 15 

of structural materials. 1-05 
Spillways, for dams. 4—77 
Spiral, columns. 1—42 to 1-46 
curves. 3-52. 3-56 
reinforcement. I —4 1 

in concrete columns. 1-42 to 

1- 45 

Splice plates, riveted. 1-72 
welded, 1-94 to 1-97 
wood, 2-1 5 

Split, ring timber connectors. 2-16, 

2- 17 

spoon sampler, 3-10 
switch, railroad. 4-03 
Sports, sizes of courts for. 4—95 to 

4- 97 

Spruce, loads on bolts in. 2-15 
resistance of nails in, 2-14 


Spruce, stresses for. 1-04 
timber connectors, 2-16 
weight of, 1-07 
Spur, railroad. 4-01 to 4-05 
Square, conversion factors. 1-22 
footings. 2-52 to 2-55 
Stability test, sewage. 5-76 
Stabilization, soils. 3-19 
Stabinol, soil stabilization. 3-19 
Stacks, for incinerators. 5—99 
Stairs, live loads on, 1-08 
Standard beams, steel. 1-71 
Standpipe, water supply, 6-11 
Stations of curves, 3-46 to 3-56 
Stave pipe, 6-71, 6-72 

coefficients for. 5-26. 6-62 
curvature, 6-76 
Steel, structural, 1-70 to t-97 
angles, in tension, 1-74 
properties of. 1-71 
struts. 1-76 to 1-79 
bar joists, 1-93 
base plates, 1-90 
beam tables. 1-70, 1-71 
bearing plates for steel beams and 

columns, 1-90 
bolts. 1-70. 1-71. 4-57 
columns. 1-74, (-75 
base plates. (-90 
corrosion of. 4-85, 4—90 
curbs. 3-92 

deflection of beams, 1-71 
eccentric, column loads. 1-74, 
1-75 

connections, loads on. 1-9 ( 
fireproofing requirements for, 

1-18 

gages. 1-19 

general notes. 1-23, 1-24 
grid floors, bridges. 4—54 
guard rails, 3-87 
Lally columns, 1-92 
loads on eccentric connections. 
1-91 

moment of inertia, four angles, 
1-82 to 1-89 

two plates, 1—80 
unit areas, 1—81 
open web joist, 1-93 
piles. 2-59 to 2-62 
pipe, 6-73 to 6-75 
coefTicients for, 5-26 
curvature, 6—76 
pipe piles, 2-62 
properties of, f-05 

structural shapes. 1-70, 1-71 
red lights in design. 1—72 
reinforcement, see Reinforcement 

rivets, 1-70. 1-71, 4-57 


Steel, section modulus of structural 

members. 1-70, 1-7 f 
sheet metal gages. 1-19 
single angle struts, 1-76 
unfinished bolts, 1-71, 4-57 

unit stresses, in bridges, 4—57, 

4-58 

in buildings, 1—02 

m transmission towers, 4—65 
weight, beams. 1-70 
welding, 1-94 to 1-97 
wire gages. 1-19 
Stevenson formulas, 4-76 
Stiffeners, plate girder. 1-72 
Stiffness factor, 'K, " concrete, 1-29 
Stirrups, i-38 
Stokes' law. 3-16 
Stone, bearing values of, 1—05 
in concrete mixes. 1-28 
curbs. 3-86, 3-92 
guard rails, 3-87 
masonry, 1-13 
properties of, 1-05 
weights of. 1-07 
Stopping distance, roads. 3-60 
Storage, evaporation of water, 6—06 
ground. 6-04 
mass diagram for. 6-05 
rainfall, 6-02, 6-03 
for rapid sand filters, 6-34 
ratios, 6-04 

reservoir, 6-04. 6-09. 6-10 
runoff for. 6-02, 6—03 
tanks, 6- 1 I 
yield curves, 6—04 

Streams, annual runoff of, 6—03, 6—04 
Streets, classification, 3-90 

cross-sections. 3—41 to 3—45, 3-90, 

3-9 i 

curbs, 3-86 
grades for. 3-59 
gutters. 3-86 
lighting, 3-89 
median strips, 3-85 
parabolic crown ordinates, 3—93, 
3-94 

parking lanes. 3-90. 3—91 
pavement design. 3-70 to 3—82 
safety Islands. 3-9 I 
sewers, size. 5—23 
short radius curves. 3-51 
sidewalks, 3—86, 3-90 to 3-92 
traffic, capacity of, 3-90 
islands, 3-90. 3-91 
separators, 3-85 
urban, 3-90 to 3-92 
utilities under. 3-88 
wheel loads for design of, 3-70 
widths of, 3—90 
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Stress grades, lumber. 1-03, 1-04 
Stressed panels, plywood. 2-22 
Stresses, see Unit stresses 
Stringers, bridges. 4-54. 4-56 
Strip floor, bridges. 4-54 

Structural steel sections, 1-70, 1-71; 
see also Steel 

Struts, angle, t-76 to 1-79 
Stud partitions, 2-12 
weight of, 1-07 

Subbase, design, 3-70 to 3-74, 3-80. 
4-26, 4-29 
functions of. 3-71 
hquid limit value for, 3-12 

performance. Casagrande. 3-06, 

3- 07 

P.R.A. groups. 3-04 

plasticity index, value for, 3-12 

sections of roads, 3-43, 3-44 
Subdrain filters, 3-18 
Subdrainage, 5-06, 5-07 
airports. 4-33 

Subgrade, bearing value. 3-08. 3-80 

4 - 26 

lineal shrinkage of, 3-12 
non-uniform, classification. 3-03 
treatment, 3-04 

performance. Casagrande, 3-06 
3-07 

P.R.A. groups, 3-04 
resistance to frost. 3-17 
subdrainage. 3-18, 4-33. 5-06 

5- 07 

Submerged, flow pipes, 5-24, 5-25 
materials, weight of, 4-81 

slopes, 3-23 

Sugarberry, resistance of nails in 

2- 14 

Sulfates, drinking water, 6—18 
sewage treatment, 5-49 
water filters, 6-34 

Summit curves, 3-63 
sight distance, 3-60 to 3-62 
Superelevafion, at alignment of in- 
tersect/ons, 3-65 
of bridges. 4-56 
at cloverleafs, 3-69 
at grade separations, 3-67 
of railroads. 4-01. 4-05 
of roads, 3-57, 3-58 

Supply, water, see Water supply 

Surcharge, 3-2 1 

Surface, drainage. 5-00 to 5-05 
airports. 4-32 

of roads, typical sections 3-43 

3- 44 

treatment, airports, 4-30 

bituminous materials for 3-78 

3-79 


I Surface, treatment, roads. 3-43 
Suspended solids, at chemical treat- 
ment plants, 5—41 
receiving waters, 5-60 
settling time, 5—44 
sewage. 5-40, 5-70, 5-72 
Sustained grades, roads. 3-59 
Sycamore, resistance of nails In. 2-14 
Symbols, airport lighting, 4-34, 4—35 

T 

T-beam$, A.C.I. requirements, 1-29 
concrete moment tables, 1-34 to 
1-37 

minimum reinforcement for, 1-29 
Tack coat, roads, bituminous mate- 
rials for, 3-78. 3-79 
Talbot formula, 5-4)3 
Tamarac, loads on bolts in, 2-15 
resistance of nails in. 2-14 
Tangent, circular curves, 3-46 to 
3-51 

transition curves. 3-52 to 3-56 
Tanks, elevated water, 6—1 1 
Imhoff, 5-40. 5-48 
sedimentation, 5-46. 5-47 
septic. 5-63 to 5-65 
settling. 5-40. 5-41. 5-46. 5-47 
sludge. 5-56, 5-57 
Tannery sewage, characteristics. 5-40 
Tar, mixtures. 3-76. 3-77 
pavement design, airports. 4-29 
4-30 

roads. 3-70 to 3-79 
types. 3-75 

road materials, use of. 3-78 
soil stabilization, 3-19 
Taste, of drinking water, 6-18 
Taiiways, airport, Army standards. 

4-16 

C.A.A. standards. 4-18, 4-28 
lighting. 4-34. 4-35 
Teco connectors, 2-16, 2-17 
Temperature, of application, bltumi- 
nous materials, 3-78, 3-79 
conversion factors. 1-22 
reinforcement in concrete slabs 
1-25 

minimum. A.C.I., 1-29 
Tennis courts, 4-95 

Tension, concrete beam reinforce- 
ment, 1-34 to 1-37 
effective areas, steel angles in 

1-73 

Manila rope, 4-84 
nails. 2-14 
piles in, 2-59 
unfinished bolts. 1-7! 


Tension, unit stresses, for bridges 

4-57. 4-58 

for building materials. 1-0 1 to 
1-04 

for transmission towers, 4-65 
welded joints, 1-95. 1-96 
wire rope, 1-05 

Teredo, protection against, 4-85 
Terrazio, weight of, 1-07 
Tests, California Bearing Ratio, 4-29 
drinking water, 6-18. 6-19 
field load bearing, 4—26 
for foundations, 2-50 
hydrants. 6-60. 6-61 
meters, water, 6-81 to 6-83 
quick shear, 3-20 
sewage. 5-70 to 5-80 
soils. 3-09 to 3-16 
Thermal forces, on bridges, 4—51 
Three-level sections, 3-30 
Tie-down anchor, airports. 4-31 
Tie-rods, fireproofing requirements, 
1-18 

Tied concrete columns, 1-42 to 1-45 
Ties, for concrete columns, 1-41 
railroad, 4-01 , 4-02 
unit stress in. 4-57 
Tile, block, bearing values of, 1-05 
weights of, 1-07 
curb drain, 3-92 
pipe, 5-21. 5-34. 5-67 
coefficients for. 5-26, 6-62 
wall, thickness of, 1-14 
Timber, see also Wood 
connectors. 2-16, 2-17 
crossings, railroad. 4-04 
floor, bridges. 4-54, 4-55 
slow burning construction, 2-13 
trestle, railroad, 4-01 
unit stresses. 1-03, 1-04 
Tires, contact areas, 3-70 
pressures, airports, 4-15 
Tons, conversion factors, 1-22 
Topeka mix, 3-77 
Torpedo sand, for filters, 5-50 
for sludge beds, 5-56 
Total solids, in drinking water, 6-18 
sewage, 5-72, 5-73 
Towers, borings for. 3-09 
transmission, 4-65 
water, 6-1 1 

Track, for footraces. 4—97 
Traffic, classification of, 3-41 
density of, 3-41 
at intersections. 3-65 
islands. 3-65. 3-66 
lanes. 3-41. 3-42 
acceleration, 3-65 to 3-69 
deceleration, 3-65 to 3-69 



Traffic, rotary. 3-65. 3-66 
separators, 3-85 
urban streets. 3-90 
Trailers, dimensions of. 3-64 
gradients for, 3-59 
turning radius. 3-64 

wheel loads. 3-70. 4—50 
Transite, sewer pipe. 5-2 (, 5-34 
water pipe, 6-70, 6-76 
Transifion curves, 3-52 to 3-56 
superelevation and widening 3-57 

3-58 

Transmission towers, 4-65 
Trapezoidal footings, 2-57 
Traveling cranes, impact from. 1-08 
Treatment, of sewage, see Sewage 
treatment 

of water, see Water purification 
Trestle, railroad, 4—01 
Trickling filter. 5-52 

dilution of effluent. 5—40 
efficiencies of. 5—40 
flow diagrams. 5-41. 5-42 
sludge from, 5-56 
Trigonometric formulas, 1-15 
Trolley, clearance, vertical, 3-68 
wheel loads. 4-50 
Trucks, dimensions of, 3-64 
gradients for. 3-59 
loading. 4-50. 4-53 to 4-56 
turning radius. 3-64 
wheel loads, 3-70, 4-50 
Trunk sewers, flow in. 5-23 

Trusses, fireproofing requirements, 
1-18 

steel design, 1-72 

Tuberculafion, by drinking water 
6-18 

Tupelo, stresses for, 1-04 
Turbidity, of drinking water. 6-18 
limitations, slow sand filters, 6-32 
treatment required for, 6-30 
Turned bolts, unit stresses, in bridges. 

4-57 

in buildings, 1-02 
values in steel, 1-7 1 
Turnarounds, airports. 4-3 1 
Turning radius, airports. 4-28, 4-31 
in approach zones, airports, 4—13 
at cloverleafs, 3-69 
at grade separations, 3-67 
at intersections, 3-65 
for motor vehicles, 3—64 
Turnouts, railroad. 4-01. 4-03 
Two-way slabs, bridges, 4-53 
equivalent loads on. 1-31, 1-32 
fiat. 1-30 

moment coefficients. I -3 I, 1-32 
weights of, 1-07 


INDEX 

Tyler, standard sieve sizes. 3-01 
ypica! sections, airports. 4-16, 4-20 
of concrete construction. 1-25 
of roads. 3-43, 3-44 
soil profiles. 3-[ f 

u 

Ultimate stress, structural materials 
1-05 

Underdrains, airports, 4—33 
filters for. 3-18 
flow in. 5-06, 5-07 
for sewage filters. 5-50. 5-52. 

5-63 to 5—67 
for sludge beds. 5-56 
for water filters, 6-32, ^33 6-36 

roads, 5-06. 5-07 
Underpass, clearance, 3-67. 3-68 
4-02 

sight distance at. 3-62 
Underpinning, with pipe piles, 2-61 
Unfinished bolts, unit stresses in 
1-02. 4-57 
values, steel, 1-71 
wood, 2-15 to 2-17 
Uniformity coefficient, determination 
of. 3-16 

filter sand, sewage, 5-50 
water. 6-32. 6-36 
sludge beds. 5-56 
Union pile, 2-60 

Unit stresses, airport pavements 
4-26 

bridges. 4-57, 4-58 
building materials, (-01 to 1-05 
cast iron, 1-02 
concrete. 1-01 
lumber, t-03, 1-04 
masonry, 1-05 
plywood, 2-20 
reinforcing bars, 1-01 
structural steel, I -01 
welding, 1-02 
road pavements, 3-80 
transmission towers, 4—65 
Unit-weight test, soils. 3-15 
U, S. Bureau of Soils, grain size, 3-01 
U, S. Standard sieve, sizes. 3-01 
Unloading platforms, railroad, 4—04 
Uplift, on bridges, 4-51. 4-52 
on dams. 4-70, 4—71 
Urban streets, 3-90 to 3-92 
Usege, factors of, 6-64 
Utilities, location of. in streets, 3—88 

V 

Valves, 6-78, 6-79 
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T0IV05, air Tiow through, 5-55 
in dams, 4—77 

in distribution systems, 6—60 
losses of head in. 6-67 
pits for, 6-1 I 

in pumping stations, sewage, 6-12 

6-13 


water, 5-62 
service, 6-80 

Vehicles, dimensions of, 3—64 
gradients for, 3-59 
turning radius, 3-64 
weights of. 3-64. 4-50 
wheel loads. 3-70. 4-50 
Velocity, of approach, weirs, 6-15 
bar screens. 5-43 
erosion of channels, 5-09 
in grit chambers. 5-44 
motor vehicles. 3-41, 3-58. 3-60, 
3—65 to 3—69 

in open channels. 5-28. 5-29 
in pipes, sewers, 5—30 


water, 6-63 

through screens, water intakes, 
6-08 


settling of particles. 5-44 
in sewers, maximum. 5-23 
in siphons. 5-23, 5-33 
Veneer, plywood. 2-20 to 2-23 
Venturi meters. 6-81 to 6-83 
Vertical curves, 3-63 
railroads, 4-01 


roads, 3-63, 3-93. 3-94 
Vinsol resin, soil stabilization, 3-19 
Vitrified clay pipe, 5-21, 5-34, 5-67 
Voids ratio, 3-25 
Volatile solids, sewage, tests for 
5-72 

Volcanic soils, 3-02 
Volley ball court, 4—95 
Volume, change of. soils. P.R.A. 
groups. 3-03 

of earth work, 3-30 to 3-35 
shrinkage in soils, 3-24 


w 

Walls, basement. 2—69 
bearing values of, 1-05 
block, 1-05. 1-07. 1-14 
brick, 1-12 
cantilever, 2-68 

concrete, 1-05, 1-14, 1-28, 2-68, 
2-69 

curtain, 1-14 

docks and piers. 4-80 to 4-84 
fire resistance rating, 1-18 
footings for, 2—51 
gravity, 2-68 
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Walls, heights of. 1-14 
joints in, 1-12, l-)3 
mixes for concrete. 1-28 
parapet. (-12 
plywood, sizes for. 2-23 
pressures on, 2-69. 3-21 
reinforcement for concrete. A.C.I., 
I -29 

retaining. 2-68, 2-69. 3-21. 4-82 
sea, 4-83 
spandrel, 1-14 
stone, 1-13 
stud, 2-12 
thicicnesses, 1-14 
weight of. f-07 
Walnift, loads on bolts in. 2-15 
resistance of nails in. 2-14 
Wash borings, 3-09, 3-10 
Waste disposal, 5-98. S-99 
Water, analysis, 6-18. 6-19, 6-45 
in concrete mixes, (-28 
consumption, 6-00 
demands, 6-00, 6-01. 6-f2 
distribution, 6-60 to 6-83 
arrangement. 6-60 
cast iron pipe, 6-68. 6-69. 6-76 
cement-asbestos pipe. 6-70 
6-76 

curvature of pipes. 6-76 
equivalent pipes. 6-64 to 6-66 
fire flow. 6-01. 6-60 to 6-67 
fittings and joints. 6-68 to 6-77 
flow in pipes. 6-60 to 6-67 
grid typical. 6-60 
Hazen and Williams formula, 
6-62. 6-63 

hose, fire, 6—61 

hydrant. 6-01. 6-60. 6-61, 6-80 
hydraulics of. 6-60 to 6-67 
joints in pipe, 6-68 to 6-77 
losses in valves and fittings, 6-67 
meters. 6-81 to 6-83 
nozzle, fire. 6-61 
pipe curvature. 6-76 
pitometer, 6-80 

reactions at pipe bends. 6-77 
service valve, 6-80 
steel pipe, 6-73 to 6-75 
valves, 6-78 to 6-80 
wood stave pipe, 6-71. 6-72 
evaporation of, 6-06 
fixtures, supply for. 6-00. 6-64 
hammer. 6-68 
hydrants, details of, 6-80 
flow in. 6-01 
spacing, 6-01 
tests of. 6-60. 6^1 
mams, location in streets. 3-88 
meters. 6-81 to 6-83 


Water, pipe, 6-68 to 6-77 
pumping, 6-12 to 6-14 
purification. 6-30 to 6-45 
coagulates, 6-34 
drinking water requirements, 
6-18, 6-19 

extent of treatment required, 

^^30 

laboratory equipment, 6-39 to 
6-45 

pressure filters, 6-38 
rapid sand filters, 6-34 to 6-37 
slow sand filters, 6-32, 6-33 
solutions for, 6—45 
storage reservoir treatment, 
6-31 

requirements for drinking, 6-18. 

6^\9 

stop, reservoirs. 6-10 
supply, 6-00 to 6-19 

consumption in Manhattan. 
N.Y.C.. 6-00 

demands, 6-00. 6-01, 6-12 
drinking water requirements, 
6-18. 6-19 
elevated tanks, 6-1 1 
evaporation, 6-06 
fire requirements, 6-01, 6-61 

fixtures. 6-00 

fluctuation of demand, 6-00 
ground storage, 6-04 
intakes. 6-08 
mass diagram, 6-05 
mean annual rainfall. 6-02 
orifices, 6-16 
Parshall flume, 6-17 
plumbing fixtures. 6-00. 6-64 
pumps and pumping, 6-12 to 
6-14 

rainfall. 6-02 to 6-06 
reservoir, distributing, 6-09 
6-10 

river and lake intakes, 6-08 
runoff, 6-03 to 6-05 
standpipe, 6-1 1 
storage, 6-04, 6-09 to 6-1 1 
stream runoff, 6-03 to 6-05 
tanks for. 6-09 to 6-1 1 
valve pit. 6-1 1 
weirs. 6-15. 6-16, 6-17 
wells, 6-07, 6-08 
windmills. 6-08 
yield curves, 6-04 
treatment required. 6-30 
valves. 6-78, 6-79 
weight of material in, 4-€l 
Wafts, conversion factors. 1-22 
Wave action, on dams, 4—76 
on piers, 4-80 


Wearing slabs, concrete mixes for 
1-28 

Weaving lengths, road intersections 
3-66 

Web reinforcement, 1-38 
unit stresses with, 1-0 1 
Weep holes, in retaining walls, 2-69 
in spandrel walls. 1-1 2 
Weights, airplanes, 4-14, 4-17 

fireproofing for steel beams, 1-70 
1-7 [ 

garbage, 5-98, 5-99 
Lally columns. 1-92 
materials, 1-07 
mesh. 1-39 

motor vehicles, 3-64, 4-50 
pipe, sewer. 5-20, 5-21 
water, 6-68 to 6-74 
railroad cars and engines, 4-50 
reinforcement, 1-39 
rubbish, 5-98, 5-99 
soils. 3-13 to 3-15 
submerged, 4-81 
structural materials, 1-07 
structural steel members, 1—70, 
1-71 

submerged materials, 4-81 
trolleys. 4-50 
trucks, 3-64. 4-50 
Weirs, Cippoletti, 6-16 
for dams. 4-77 
Parshall flume. 6-17 
proportional, 5-44 
rectangular, 6-15 
triangular, 6-16 

Welded water pipe, 6-73 to 6-76 
Welding, steel. 1-94 to 1-97 
unit stresses, 1-02 
Wells. 6-07, 6-08 

Westergaard analysis, airport pave- 
ments, 4-26 

stresses in slab. 3-80. 4-26 
values of "k." 3-08. 3-80 
Western pile, 2-60 
Wet, density soils, 3-13 to 3-15 
wells, sewage lift station, 5-52 
Wetted perimeters, 5-02. 5-31, 5-32 
Wharves, see Docks and Piers 
Wheel loads, bridge design, 4-50 
distribution of, 4-53 to 4-55 
effect on pavement, 3—71 
tire contact area, 3-70 
pavement design, airports, 4-15, 
4-26. 4-29 

bridges. 4-50. 4-53 to 4-55 
roads. 3-70 to 3-74, 3-80 
Wheel stop, railroad, 4-05 
Widening of roads, 3-57. 3-58 
Wind, loads, bridges, 4-51, 4—52 



Wind, loads, buildings, 1-08 
transmission towers, 4-65 
rose, airports, 4—19 
tee. 4-18. 4-34. 4-35 
Windmills, 6-08 

Wing, loading, airplanes, 4—14, 4— 17 
walls for head walls, 5-08 
Wire, cable guard rails, 3-87 
gages, 1-19 
mesh, areas of, 1-39 

in cinder concrete slabs, 1—40 
guard rails, 3-87 
in pavement slabs, 3-81. 3-82 
in walls, 1-29 
nails. 2-14. 2-23 
rope, 1-05 

Wood. 2-1 I to 2-17, 2-20 to 2-23 
bolted connections. 2-15 
floor bridges. 4-54. 4-55 
floors, weights of. 1-07 


INDEX 

Wood, general notes, 1-23 
guard rails, 3-87 

heavy timber construction, 2-13 
nails In, 2-14. 2-23 
piles. 2-59 to 2-61 
pipe. 6-7 (. 6-72 
coefficients for. 5-26. 6-62 
curvature. 6-76 
plywood. 2-20 to 2-23 
properties of. 1-05 
safe load curves, joists. 2-1 1 
section moduli. 2-1 I 
shingles, weights of. 1-07 
slow-burning mill construction 
2-13 

split ring connectors. 2-16. 2-17 
stress grades. 1-03. 1-^4 
stud partitions, 2-12 
unit stresses in. 1-03. 1-04 
Working stresses, see Unit stresses 


xxxiii 

Wrestling mats, 4-96 

Wrought iron, pipe coefficients for, 
&~26, 6—62 
properties of. 1-05 
unit stresses in bridges. 4-57 

Y 

Yards, conversion factors for. 1-22 
Yamell, rainfall curves, 5—00 
Yield, curves, water supply. 6-04 
strength, structural materials. 1-05 

z 

Zinc, in drinking water, 6-18 
Zoning, airport approaches. 4—11, 
4-13 

Zuider Zee formula, 4—76 
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